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IMPORTANT NOTICE 



Texas Instruments and its subsidiaries (Tl) reserve the right to make changes to their products 
or to discontinue any product or service without notice, and advise customers to obtain the latest 
version of relevant information to verify, before placing orders, that information being relied on 
is current and complete. All products are sold subject to the terms and conditions of sale supplied 
at the time of order acknowledgement, including those pertaining to warranty, patent 
infringement, and limitation of liability. 

Tl warrants performance of its semiconductor products to the specifications applicable at the 
time of sale in accordance with Tl’s standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE 
POTENTIAL RISKS OF DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR 
ENVIRONMENTAL DAMAGE (“CRITICAL APPLICATIONS"). Tl SEMICONDUCTOR 
PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR 
USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 
INCLUSION OF Tl PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY 
AT THE CUSTOMER’S RISK. 

In order to minimize risks associated with the customer’s applications, adequate design and 
operating safeguards must be provided by the customer to minimize inherent or procedural 
hazards. 

Tl assumes no liability for applications assistance or customer product design. Tl does not 
warrant or represent that any license, either express or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of Tl covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be 
or are used. Tl’s publication of information regarding any third party’s products or services does 
not constitute Tl’s approval, warranty or endorsement thereof. 
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INTRODUCTION 



The 3.3-V LVT family uses the latest 0.8-n BiCMOS process technoiogy with performance 
specifications ideai for networking and teiecommunication applications. In addition to popular octal 
and Widebus™ bus-interface devices, Texas Instruments (Tl~) also offers the universal bus 
transceiver (UBT”) in this low-voltage family. 

Performance characteristics of the LVT famiiy are: 

• Speed - Provides high performance with maximum propagation delays of 3.5 ns for buffers. 

• 3.3-V Operation With 5-V Toierant I/Os - Capability to interface with a mixed-voltage 
environment. The I/Os can handle up to 7 V, which allows them to act as 5-V to 3-V translators. 

• High Drive/Low Power - The LVT family provides up to 64 mA of drive, yet consumes less than 
1 00 pA of standby power at 3.3-V Vcc- 

Additional features Include: 

• Live Insertion - LVT devices incorporate circuitry to protect the devices in live-insertion 
applications. The devices go into the high-impedance state during power up and power down 
[power-up 3-state (PU3S)]. 

• Bus Hold - Bus hold prevents floating Inputs by holding inputs at the last valid logic state. This 
eliminates the need for external pullup and pulldown resistors. 

• Damping-Resistor Option - Tl implements series-damping resistors on selected devices, 
which reduces overshoot and undershoot and helps match the line impedance to minimize 
ringing. 

• Packaging - LVT devices are available in packaging options, such as small-outline integrated 
circuit (SOIC), shrink small-outline package (SSOP), thin shrink small-outline package 
(TSSOP), and thin very small-outline package (TVSOP) for octal and Widebus devices. 

Some of the information in this data book is product preview. More information is available on these 
products, including availability dates, pricing, and final timing specifications. Please contact your 
local Tl representative, authorized distributor, the Tl technical support hotline at 972-644-5580, or 
visit the Tl home page at http://www.tl.com. 

Tl also offers a complete line of low-voltage CMOS products, including Advanced Low-Voltage 
CMOS (ALVC), Low- Voltage CMOS (LVC), and Low- Voltage HCMOS (LV). Fora complete listing 
of these and other Tl logic solutions, please order the Logic Selection Guide (literature number 
SDYU001) by calling the literature response center at 1-800-477-8924. 



Tl. UBT, and Widebus are trademarks of Texas Instruments Incorporated. 




PRODUCT STAGE STATEMENTS 



Product stage statements are used on Texas Instruments data sheets to indicate the development 
stage(s) of the product(s) specified in the data sheets. 

If all products specified in a data sheet are at the same development stage, the appropriate statement 
from the following list is placed in the lower left corner of the first page of the data sheet. 

PRODUCTION DATA information is current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. Production processing 
does not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of 
development. Characteristic data and other specifications are subject to change 
without notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first statement 
below is placed in the lower left corner of the first page of the data sheet. Subsequent pages of the data 
sheet containing PRODUCT PREVIEW information or ADVANCE INFORMATION are then marked in the 
lower left-hand corner with the appropriate statement given below: 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information 
current as of publication date. Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not necessarily include testing of 
all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase of 
development. Characteristic data and other specifications are subject to change 
without notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



INTRODUCTION 

These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council 
of the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical Commission 
(lEC) for international use. 

operating conditions and characteristics (in sequence by letter symbols) 

Cj Input capacitance 

The internal capacitance at an input of the device 
Cjo Input/output capacitance 

Input-to-output internal capacitance; transcapacitance 
Cq Output capacitance 

The internal capacitance at an output of the device 
Cp(j Power dissipation capacitance 

Used to determine the no-load dynamic power dissipation per ioqic function (see individual circuit pages): 
Po = Cpd Vcc2f+lcc Vcc 

^max Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic levei at the output with input conditions established that 
should cause changes of output logic levei in accordance with the specification 

Ice Supply current 

The current into* the Vcc supply terminal of an integrated circuit 

Alec Supply current change 

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than 
0 V or Vcc 

IcEX Output high leakage current 

The maximum ieakage current into the coiiector of the pulldown output transistor when the output is high 
and the output forcing condition Vq = 5.5 V 

h(hold) Input hold current 

Input current that holds the input at the previous state when the driving device goes to a 
high-impedance state 

I|H High-level input current 

The current into* an input when a high-levei voltage is applied to that input 
l|(_ Low-level input current 

The current into* an input when a low-ievel voitage is appiied to that input 
loff Input/output power-off leakage current 

The maximum leakage current into/out of the Input/output transistors when forcing the input/output to 
4.5 V and Vcc = 0 V 

Iqh High-level output current 

The current into* an output with input conditions applied that, according to the product specification, 
estabiishes a high levei at the output 

Texas 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



Iql Low-level output current 

The current into* an output with input conditions applied that, according to the product specification, 
establishes a low level at the output 

Iqz Off-State (high-impedance-state) output current (of a 3-state output) 

Iqz The current that flows through the output gates when the devcie is in the high-impedance state 
lozpu The current that flows into or out of the output stage when the device is being powered up 
from the high-impedance state 

Iqzpd The current that flows into or out of the output stage when the device is being powered down from 
the high-impedance state 

tg Access time 

The time interval between the application of a specified input pulse and the availability of valid signals 
at an output 

tc Clock cycle time 

Clock cycle time is 1/fmax' 

tdis Disable time (of a 3-state or open-collector output) 

The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from either of the defined active levels (high or low) to a high-impedance 
(off) state 

NOTE: For 3-state outputs, tpig = tpHz or tpLz- Open-collector outputs change only if they are low at the 

time of disabling, so t^is = tpLH- 

ten Enable time (of a 3-state or open-collector output) 

The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from a high-impedance (off) state to either of the defined active levels (high 
or low) 

NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state 

outputs, ten = tp 2 H or tp^L- Open-collector outputs change only if they are responding to data 
that would cause the output to go low, so tgn = tpHL- 

th Hold time 

The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal 

NOTES: 1 . The hold time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is to be expected. 

tpd Propagation delay time 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from one defined level (high or low) to the other defined level (tp^ = tpHL or tp|_n) 

tpHL Propagation delay time, high-to-low level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined high level to the defined low level 



^Current out of a terminal is given as a negative value. 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



tpHZ 

*PLH 

tpLZ 

<PZH 

tpZL 

*8k(o) 

tsu 

tw 

At/Av 

At/AVcc 

V|H 



Disable time (of a 3-state output) from high level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined high level to the high-impedance (off) state 

Propagation delay time, low-to-high level output 

The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined low level to the defined high level 

Disable time (of a 3-state output) from low level 

The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined low level to the high-impedance (off) state 

Enable time (of a 3-state output) to high level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined high level 

Enable time (of a 3-state output) to low level 

The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined low level 

Output skew 

The difference between any two propagation delay times when a single switching input or multiple inputs 
switching simultaneously cause multiple outputs to switch, as observed across all switching output. This 
parameter is used to describe the fanout capability of a clock driver and is of concern when making 
decisions on clock buffering and distribution networks. 

Setup time 

The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal 

NOTES: 1 . The setup time is the actual time interval between two signal events and is determined by 
the system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 

2. The setup time may have a negative value, in which case the minimum limit defines the 
iongest interval (between the active transition and the application of the other signal) for which 
correct operation of the digital circuit is to be expected. 

Pulse duration (width) 

The time interval between specified reference points on the leading and trailing edges of the 
pulse waveform 

Input voltage transition rate 

The input transition rise or fall rate corresponding to the change in signal amplitude with time 

Power supply power-up rate 

The power-up ramp rate corresponds to the transition rate of the supply voltage when the device is being 
powered up. 

High-level input voltage 

An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables 

NOTE: A minimum is specified that is the least positive value of high-level input voltage for which 

operation of the logic element within specification limits is to be expected. 
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GLOSSARY 

SYMBOLS, TERMS, AND DEFINITIONS 



V||_ Low-level Input voltage 

An input voltage within the less positive (more negative) of the two ranges of values used to represent 
the binary variables 

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which 

operation of the logic element within specification limits is to be expected. 

Vqh High-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
establishes a high level at the output 

Vql Low-level output voltage 

The voltage at an output terminal with input conditions applied that, according to product specification, 
establishes a low level at the output 

Vif.,. Positive-going input threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage rises from a level below the negative-going threshold voltage, V|j_ 

V|T_ Negative-going input threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage falls from a level above the positive-going threshold voltage, V|t+ 
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EXPLANATION OF FUNCTION TABLES 



The following symbols are used in function tables on Tl data sheets: 



H 

L 

t 

4. 



X 

Z 



a . . . h 

Qo 

Qo 



Qn 



Toggle 



high levei (steady state) 
low level (steady state) 
transition from low to high level 
transition from high to low level 

value/level or resulting value/level is routed to indicated destination 

value/level is re-entered 

irrelevant (any input, including transitions) 

off (high-impedance) state of a 3-state output 

the level of steady-state inputs A through H, respectively 

level of Q before the indicated steady-state input conditions were established 

complement of Qq or level of Q before the indicated steady-state input 

conditions were established 

level of Q before the most recent active transition indicated by i or T 
one high-level pulse 
one low-level pulse 

each output changes to the complement of Its previous level on each active 
transition indicated by i or T 



If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid when 
the input configuration is achieved and regardless of the sequence in which it is achieved. The output persists so long 
as the input configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together with T and/or 4-, this means the output is valid when 
the input configuration is achieved but the transitiot^s) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Qq, or Qq), it persists so long as the steady-state Input levels and the 
levels that terminate indicated transitions are maintained. Unless othenA/ise indicated, input transitions in the opposite 
direction of those shown have no effect at the output. (If the output is shown as a pulse, -TL or “L-T , the pulse follows 
the indicated input transition and persists for an inten/al dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 



Among the most complex function tables are those of the shift registers. These embody most of the symbols used 
in any of the function tabies, plus more. Below is the function tabie of a 4-bit bidirectional universal shift register. 



FUNCTION TABLE 



INPUTS 


OUTPUTS 


CLEAR 


MODE 


CLOCK 


SERIAL 


PARALLEL 


Qa 


Qb 


Qc 


Qd 


SI 


SO 


LEFT 


RIGHT 


A 


B 


c 


D 


L 


X 


X 


X 


X 


X 


X 


X 


X 


X 


L 


L 


L 


L 


H 


X 


X 


L 


X 


X 


X 


X 


X 


X 


Qao 


Qbo 


Qco 


Qdo 


H 


H 


H 


T 


X 


X 


a 


b 


c 


d 


a 


b 


C 


d 


H 


L 


H 


T 


X 


H 


H 


H 


H 


H 


H 


Qah 


QBn 


QCn 


H 


L 


H 


T 


X 


L 


L 


L 


L 


L 


L 


QAn 


QBn 


QCn 


H 


H 


L 


T 


H 


X 


X 


X 


X 


X 


QBn 


QCn 


QOn 


H 


H 


H 


L 


T 


L 


X 


X 


X 


X 


X 


OBn 


QCn 


QOn 


L 


H 


L 


L 


X 


X 


X 


X 


X 


X 


X 


Qao 


Qbo 


Qco 


Qdo 



The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs 
will be reset low, regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect. 

The second line shows that as long as the clock input remains low (while clear is high), no other input has any effect 
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low 
was established. Because on other lines of the table only the rising transition of the clock is shown to be active, the 
second line implicitly shows that no further change in the outputs occurs while the clock remains high or on the 
high-to-low transition of the clock. 

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both 
high then, regardless of the serial input, the data entered at A is at output Q/^, data entered at B is at Qg, and so forth, 
following a low-to-high clock transition. 

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at is now at Qg, the previous levels of Qg and 
Qc are now at Qq and Qp, respectively, and the data previously at Qp is no longer in the register. This entry of serial 
data and shift takes place on the low-to-high transition of the clock when SI is low and SO is high and the levels at 
inputs A through D have no effect. 

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial 
input and the shifting of previously entered data one bit; data previously at Qg is now at Q/\, the previous levels of 
Qp and Qp are now at Qg and Qq, respectively, and the data previously at Q/^ is no longer in the register. This entry 
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the 
levels at inputs A through D have no effect. 

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the 
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs 
low was established. 

The function-table functional tests do not reflect all possible combinations or sequential modes. 
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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS 



It is Tl practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol based 
on the assumption of true data (D) inputs. Outputs^that produce data in phase with the data inputs are^called Q and 
those producing complementary data are called Q^An input that causes a Q output to go high or a Q output to go 
low is called preset (PRE). An input th at ca uses a Q output to go high or a Q output to go low is called clear (CLR). 
Bars are used over these pin names (PRE and CLR) if they are active low. 

The devices on several data sheets are second-source designs, and the pin-name conventions used by the original 
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuits D and Q. 

In some applications, it may be advantageous to redesignate the data input from D to D or vice versa. In that case, 
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the 
graphical symbols. Arbitrary pin numbers are shown. 



PRE 


1 


K 


c 


5 








C 

D 


2 




C1 

ID 






3 






6 






N 


CLR 


4 


r\ 


R 




















Latch 






PRE 


1 


K 


s 












5 


CLK 

D 


2 




> Cl 
1D 






3 












N 


6 


CLR 


4 


IN 


R 















Flip-Flop 



Q 



Q 



Q 

Q 





Q 

O 



Q 

Q 



The figures show that w he n Q an d Q exchange names, the preset and clear pins also exchange names. The polarity 
indicators ( ) on PRE and_CLR remain, as these inputs are still active low, but the presence or absence of the polarity 
indicator changes at D (or D), Q, andQ. Pin5 (Q or Q) is still in phase with the data input (D or D); their active levels 
change together. 
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DEVICE NAMES AND PACKAGE DESIGNATORS 



Example: 




123456789 fO 



1 Standard Prefix 

Example: SNJ - Conforms to MIL-PRF-38535 (QML) 

2 Temperature Range 

Examples: 54 -Military 

74 - Commercial 

3 Family 

Examples: Blank -Transistor-Transistor Logic 

ABT - Advanced BiCMOS Technology 
ABTE - Advanced BiCMOS Technology/ 

Enhanced Transceiver Logic 
AC/ACT - Advanced CMOS Logic 
AHC/AHCT - Advanced High-Speed CMOS Logic 
ALB - Advanced Low- Voltage BiCMOS 
ALS - Advanced Low-Power Schottky Logic 
ALVC - Advanced Low-Voltage CMOS Technology 
AS - Advanced Schottky Logic 
BCT - BiCMOS Bus-Interface Technology 
CBT — Crossbar Technology 
CBTLV - Low-Voltage Crossbar Technology 
F - F Logic 

FB - Backplane Transceiver Logic/Futurebus+ 

GTL - Gunning Transceiver Logic 
HC/HCT - High-Speed CMOS Logic 
HSTL - High-Speed Transistor Logic 
LS - Low-Power Schottky Logic 
LV - Low-Voltage HCMOS Technology 
LVC - Low-Voltage CMOS Technology 
LVT - Low-Voltage BiCMOS Technology 
S - Schottky Transistor-Transistor Logic 
SSTL - Stub Series-Terminated Logic 

4 Special Features 

Examples: Blank = No Special Features 

D - Level-Shifting Diode (CBTD) 

H - Bus Hold (ALVCH) 

R - Damping Resistor on Inputs/Outputs (LVCR) 

S - Schottky Clamping Diode (CBTS) 



6 Options 

Examples: Blank = No Options 

2 - Series-Damping Resistor on Outputs 
4 - Level Shifter 
25 - 25-Q Line Driver 

7 Function 

Examples: 244 - Noninverting Octal Buffer/Driver 
374 - Octal D-Type Flip-Flop 
573 - D-Type Transparent Latch 
640 - Inverting Octal Transceiver 

8 Device Revision 

Examples: Blank = No Revision 
Letter Designator A-Z 

9 Packages 

Examples: D, DW - Small-Outline Integrated Circuit (SOIC) 

DB, DBQ, DL - Shrink Small-Outline Package (SSOP) 
DBB, DGV - Thin Very Small-Outline Package (TVSOP) 
DBV, DCK - Small-Outline Transistor Package (SOT) 
DGG, PW - Thin Shrink Small-Outline Package (TSSOP) 
FK - Leadless Ceramic Chip Carrier (LCCC) 

FN - Plastic Leaded Chip Carrier (PLCC) 

GB - Ceramic Pin Grid Array (CPGA) 

HFP, HS, HT, HV - Ceramic Quad Flat Package (CQFP) 
J, JT - Ceramic Dual-ln-Line Package (CDIP) 

N, NP, NT - Plastic Dual-ln-Line Package (PDIP) 

PAG. PAH, PCA, PCB, PM, PN, PZ- 

Plastic Thin Quad Flat Package (TQFP) 

PH, PQ. RC - Plastic Quad Flat Package (QFP) 

W, WA, WD - Ceramic Flat Package (CFP) 

10 Tape and Reel 

Examples: Blank - Not Taped and Reeled 
R - Reeled Productt 



5 Bit Width 

Examples: Blank = Gates, MSI, and Octals 
1G - Single Gate 
8 - Octal IEEE 1149.1 (JTAG) 

1 6 - Widebus™ (1 6, 1 8. and 20 bit) 

18-Widebus IEEE 1149.1 (JTAG) 

32 - Widebus+™ (32 and 36 bit) 

t All reeled material previously designated LE continues to be reeled left embossed, but an R designator is used. 
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General Information 



1 




Mechanical Data 








LVT Octals 
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• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, Ta = 25°C 

• High-Impedance State During Power Up 
and Power Down 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (D), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 



SN54LVTH125, SN74LVTH125 
3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 

SCBS703C - AUGUST 1997 - REVISED MAY 1998 



SN54LVTH125 . . . J PACKAGE 
SN74LVTH125 . . . D, DB, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH125 . . . FK PACKAGE 
(TOP VIEW) 




O 

NC - No internal connection 



description 

These bus buffers are designed specifically for low-voltage (3.3-V) Vcc operation, but with the capability to 
provide a TTL interface to a 5-V system environment. 

The ’LVTH125 devices feature independent line drivers with 3-state outputs. Each output is in the 
high-impedance state when the associated output-enable (OE) input is high. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc 's between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH125 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH125 is characterized for operation from -40°C to 85°C. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information currant as of publication data. Products conform to 
specifications par the terms of Texas Instruments standard warrant. 
Production processing does not necessarily Include testing of all 
parameters. 
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SN54LVTH125, SN74LVTH125 
3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 

SCBS703C - AUGUST 1 997 - REVISED MAY 1 998 

FUNCTION TABLE 



(each buffer) 



INPUTS 


OUTPUT 


OE 


A 


Y 


L 


H 


H 


L 


L 


L 


H 


X 


Z 



logic symbolt 




tjhis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
Pin numbers shown are for the D, DB, J, and PW packages. 

logic diagram (positive logic) 




Pin numbers shown are for the D, DB, J, and PW packages. 
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SN54LVTH125, SN74LVTH125 
3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 

SCBS703C- AUGUST 1997 - REVISED MAY 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to V^c + 0-5 V 

Current into any output in the low state, Iq: SN54LVTH125 96 mA 

SN74LVTH125 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH125 48 mA 

SN74LVTH125 64 mA 

Input clamp current, l|« (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) ~50 mA 

Package thermal impedance, 0JA (see Note 3): D package 127°CA/V 

DB package 1 58°CAW 

PW package 1 70°C/W 

Storage temperature range, Tgtg -65°Cto150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc. 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH125 


SN74LVTH125 


UNIT 






MIN MAX 


MIN MAX 


Vcc 


Supply voltage 






V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


■ 0.8 


0.8 


V 


V| 


Input voltage 


A’" 5.5 


5.5 


V 


'OH 


High-level output current 


T -24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate | 


1 Outputs enabled 


10 


10 


nsA/ 


At/AVcc 


Power-up ramp rate 


200 


200 


psA/ 


ta 


Operating free-air temperature 


-55 125 


^0 85 


“C 



NOTE 4: All unused control inputs of the device must be held at Vcc GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concerns iMbducts In the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instiumento reserves the right to 
cnange or discontinue these products without notice. 
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SN54LVTH125, SN74LVTH125 
3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 

SCBS703C - AUGUST 1 997- REVISED MAY 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH125 


SN74LVTH125 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, ll = -18mA 


-1.2 


-1 .2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 nA 


VcC-0.2 


Vcc-0.2 


V 


Vcc = 2.7V. IOH = -8mA 


2.4 


2.4 


Vcc = 3 V 


lOH = “24 mA 


2 




Iqh = -32 mA 




2 


VoL 


Vcc = 2.7 V 


lOL = 100 |4A 


0.2 


0.2 


V 


lOL - 24 mA 


0.5 


0.5 


Vcc = 3 V 


|qI_ = 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




Iql = 64 mA 




0.55 


■ 




Vcc = 0 O'" 3-6 V. V| = 5.5V 


10 


10 


HA 


Control inputs 


Vcc = 3.6 V, V| = Vcc ot GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0. V| or Vo = 0 to 4.5 V 




±100 


HA 


l|(hold) 


Data inputs 


Vcc = 3 V 


V| = 0.8V 




75 


HA 


> 

CVJ 

II 

> 


-75 


-75 


lOZH 


Vcc = 3.6 V, Vq = 3 V 


5 


5 


HA 


'OZL 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


HA 


lOZPU 


Vcc = 0 to 1 .5 V, Vo = 0.5 V to 3 V, 
OE = don’t care 


±50* 


±50 


p.A 


lOZPD 


Vcc = 1 .5 V to 0, Vo = 0.5 V to 3 V, 
OE = don’t care 


±50* 


±50 


HA 


'cc 


Vcc = 3.6 V, 

Io = 0, 

V| = Vcc ot GND 


Outputs high 


0.12 0.19 


0.12 0.19 


mA 


Outputs low 


4.5 7 


4.5 7 


Outputs disabled 


0.12 0.19 


0.12 0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vqc ~ 0.6 V, 
Other inputs at Vqc of GND 


0.3 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


PF 


Co 


Vq = 3 V or 0 


8 


8 


pF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at V, T/\ = 25°C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqc;) or GND. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goats. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH125, SN74LVTH125 
3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 

SCBS703C - AUGUST 1997 - REVISED MAY 1998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 









SN54LVTH125 


SN74LVTH125 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3V 


Vcc = 


2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 






1 


4.2 


'' 


4.7 


1 


2 


3.5 


4.5 




<PHL 






1 


4.1 





5.1 


1 


2.1 


3.9 


4.9 




<PZH 


OE 




1 




5.6 


1 


2 


4 


5.5 


ns 


<PZL 




■BHO 


5.6 


1.1 


2.1 


4 


5.4 


>PHZ 


OE 






wm 


5.9 


1.5 


2.3 




5.7 


ns 


‘PLZ 




1.3 


4.2 


1.3 


2.8 


4.5 


4 



t All typical values are at Vcc = 3.3 V, Ta = 25®C. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications ere design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH125, SN74LVTH125 
3.3-V ABT QUADRUPLE BUS BUFFERS 
WITH 3-STATE OUTPUTS 

SCBS703C - AUGUST 1 997 - REVISED MAY 1 998 

PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

PULSE DURATION SETUP AND HOLD TIMES 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 ft tj- ^ 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

High-Impedance State During Power Up 
and Power Down 



• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, T* = 25°C 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 



• Latch-Up Performance Exceeds 500 mA 
JESD 17 



• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 



SN54LVTH240, SN74LVTH240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS679C - DECEMBER 1996 - REVISED MARCH 1998 



SN54LVTH240 . , . J PACKAGE 
SN74LVTH240 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 



10E 

1A1 

2Y4 

1A2 

2Y3 

1A3 

2Y2 

1A4 

2Y1 

GND 



[1 ^ 


20 ! 


:2 


19 ; 


:3 


18 ; 


:4 


17! 


;s 


16! 


:e 


15 . 


;r 


14 : 


:e 


13. 


[9 


12 : 


[ 10 


11] 



Vcc 

20E 

1Y1 

2A4 

1Y2 

2A3 

1Y3 

2A2 

1Y4 

2A1 



SN54LVTH240 . . . FK PACKAGE 
(TOP VIEW) 



llil O ILLI 
>- < 0^0 
04 1- '-I- > 'OJ 





/ l_ll_ILJLJl_l 




-I 3 


2 1 20 19 r 


1A2 


]4 


18[ 


2Y3 


]5 


17[ 


1A3 


]6 


16[ 


2Y2 


]7 


15[ 


1A4 


]8 


. 14[ 




9 


10 11 12 13 




r-ii-irni—u-i 



CM g CVJ C\J 



1Y1 

2A4 

1Y2 

2A3 

1Y3 



description 

These octal buffers and line drivers are designed specifically for low-voltage (3.3-V) Vqq operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

These devices are organized as two 4-bit buffer/line drivers with separate output-enable (OE) inputs. When OE 
is low, the devices pass data from the A inputs to the Y outputs. When OE is high, the outputs are in the 
high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc 's between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH240 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH240 is characterized for operation from -40°C to 85°C. 



UNLESS OTHERWISE NOTED this docuimnt CQntsins PRODUCTION 
DATA infonratton cuirsnt as of ubllcatfon date. Products conform to 
spectflcations per the terms of Texas Instruments standard warrant. 
Production processing does not necess8rit)f Include testing of all 
parameters. 
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3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 
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2Y1 

2Y2 

2Y3 

2Y4 
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SN54LVTH240, SN74LVTH240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS679C - DECEMBER 1 996 - REVISED MARCH 1 998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH240 96 mA 

SN74LVTH240 128mA 

Current into any output in the high state, Iq (see Note 2); SN54LVTH240 48 mA 

SN74LVTH240 64 mA 

Input clamp current, 1|« (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0JA (see Note 3): DB package 115°CA/V 

DV\/ package 97°C/W 

PW package 128°C/W 

Storage temperature range, Tstg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
impiled. Exposure to absolute-maximum-rated conditions for extended periods may affect device reiiability. 

NOTES: 1 . The input and output negative-voitage ratings may be exceeded if the input and output ciamp-current ratings are observed. 

2. This current fiows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calcuiated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH240 


SN74LVTH240 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 




3.6 




3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


C.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


lOH 


High-level output current 


,* ' -24 


-32 


mA 


lOL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


...o‘ 


10 


10 


nsA^ 


At/AVcC 


Power-up ramp rate 


A 200 


200 


|isA7 


ta 


Operating free-air temperature 


-55 


125 


^0 


85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vcc o'* GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH240, SN74LVTH240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS679C - DECEMBER 1 996 - REVISED MARCH 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH240 


SN74LVTH240 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, IOH=-100pA 


Vcc-0.2 


VCC“0.2 


V 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc = 3 V 


Iqh = “24 mA 


2 




lOH = “32 mA 




2 


VOL 


Vcc = 2.7 V 


lOL = 100 (lA 


0.2 


0.2 


V 


lOL - 24 mA 


0.5 


0.5 


Vcc = 3 V 


IOL = 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql = “18 mA 


0.55 




Iql = 04 mA 




0.55 


■ 




Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3-6 V, V| = VccorGND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


^ 1 


1 


V| = 0 


A -5 


-5 


'off 


Vcc = 0. V| or Vo = 0 to 4.5 V 




±100 


pA 


l|(hold) 


Data inputs 


Vcc = 3V 


V| = 0.8 V 


75.:; 


75 


pA 


> 

CVJ 

II 

> 




-75 


'OZH 


Vcc = 3.6 V, Vq = 3 V 


5 


5 


pA 


lOZL 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


pA 


'OZPU 


Vcc = 0 to 1 .5 V. Vq = 0.5 V to 3 V. 
OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vcc = 1 -5 V to 0. Vo = 0.5 V to 3 V, 
OE = don't care 


±100* 


±100 


pA 


icc 


Vcc = 3.6 V, 

Io = 0, 

V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc “ 0-6 V, 
Other inputs at Vcc o*” GND 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


3 


3 


PF 


Co 


Vq = 3 V or 0 


7 


7 


PF 



♦ On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3.3 V, Ty\ = 25°C, 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phsse of dewlopmenL Characteristic date and other 
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SN54LVTH240, SN74LVTH240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS679C - DECEMBER 1 996 - REVISED MARCH 1 998 



switching characteristics over recommended ranges of suppiy voltage and operating free-air 
temperature, Cl = 50 pF (unless otherwise noted) (see Figure 1) 









SN54LVTH240 


SN74LVTH240 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3-3 V 
±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 

±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




<PLH 






1 


3.9 




4.7 


1.1 


2.2 


3.8 


4.6 


ns 


tPHL 






1.2 


4.2 




4.3 


1.3 


2.6 


4 


4.2 


tpZH 


OE 




1 


4.7, 




5.7 


1.1 


2.6 


IS 


5.6 


ns 


<PZL 




1.3 




5.2 


1.4 


2.7 


4.4 


5 


tPHZ 


OE 




1.9 ,'f:6 


4.8 


2 


2.9 


IS 


4.6 


ns 


'PLZ 




1.7 


t'47 


4.7 


1.8 


3 


m 


4.3 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 
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SN54LVTH240, SN74LVTH240 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS679C - DECEMBER 1 996 - REVISED MARCH 1998 



PARAMETER MEASUREMENT INFORMATION 




Timing input 




TEST 


SI 


*plh/*phl 


Open 


•PLZ/tpZL 


6 V 


*PHZ/*PZH 


GND 




2.7 V 
0 V 







VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 







VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 






t 

1.5 V 
L 


Output 
Waveform 1 
SI at 6 V 


tpZL -♦1 

1 


__ 1 1 


k-tpuz 

1 


1 

1 


[ 


\/‘ 

_£Vol + 0.3V 


(see Note B) 
Output 


1 

*PZH -*\ 




1 

|4-tpHZ 

J 


Waveform 2 
St at GND 






T^oh-o.3v 


(see Note B) 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A, Cl includes probe and jig capacitance, 

B, Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control, 

C, All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 O, t^ < 2,5 ns, tf < 2,5 ns, 

D, The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• High-Impedance State During Power Up 
and Power Down 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, Ta = 25°C 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 



SN54LVTH241, SN74LVTH241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS352H - MARCH 1 994 - REVISED APRIL 1998 



SN54LVTH241 . . . J PACKAGE 
SN74LVTH241 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH241 . . . FK PACKAGE 
(TOP VIEW) 




description 

These octal buffers/drivers are designed specifically for low-voltage (3.3-V) Vqc operation, with the capability 
to provide a TTL interface to a 5-V system environment. 

The ’LVTH241 devices are organized as two 4-bit line drivers with separate output-enable (10E, 20E) inputs. 
When 10E is low or 20E is high, the devices pass noninverted data from the A inputs to the Y outputs. When 
1 0E is high or 20E is low, the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When VcQ is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor 
and OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sinking/current-sourcing capability of the driver. 

The SN54LVTH241 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH241 is characterized for operation from -40°C to 85°C. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily Include testing of all 
parameters. 
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SN54LVTH241, SN74LVTH241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS352H - MARCH 1 994 - REVISED APRIL 1 998 




2Y1 

2Y2 

2Y3 

2Y4 
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SN54LVTH241, SN74LVTH241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS352H - MARCH 1 994 - REVISED APRIL 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voitage range appiied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH241 96 mA 

SN74LVTH241 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH241 48 mA 

SN74LVTH241 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 0JA (see Note 3): DB package 115°CA/V 

DW package 97°C/W 

PW package 128°C/W 

Storage temperature range, Tstg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affeot devioe reliability. 

NOTES: 1 . The input and output negative-voitage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is In the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 









SN54LVTH241 


SN74LVTH241 


UNIT 








MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 






3.6 




3.6 


V 


V|H 


High-level input voltage 




2 , . 


2 


V 


V|L 


Low-level ihput voltage 




v'0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


IQH 


High-level output current 




-24 


-32 


mA 


'OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


1 Outputs enabled 


O 


10 


10 


ns/V 


At/AVcc 


Power-up ramp rate 




^ 200 


200 


psA/ 


Ta 


Operating free-air temperature 




-55 


125 


-40 


85 


°c 



NOTE 4: All unused control inputs of the device must be held at Vcc o*" GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH241, SN74LVTH241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS352H - MARCH 1994 - REVISED APRIL 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDtTIONS 


SN54LVTH241 


SN74LVTH241 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l|=-18mA 


-1 .2 


-1.2 


V 


Vqh 


Vcc = 2.7 V to 3.6 V, loH = -100t;A 


Vcc-0.2 


Vcc-0.2 


■ 


Vcc = 2.7 V, lOH = -8 mA 


2.4 


2.4 


Vcc = 3 V 


•oh - “24 mA 


2 




IQH = -32 mA 




2 


VOL 


Vcc = 2.7 V 


lOL = 100 pA 


0.2 


0.2 


V 


lOL - 24 mA 


0.5 


0.5 


Vcc = 3 V 


lOL - 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




lOL - 64 mA 




0.55 


■ 




Vcc = 0 or 3.6 V. V| = 5.5 V 


10 


10 


HA 


Control inputs 


Vcc = 3.6 V, V| = Vqc or GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


/> “5 


-5 


'off 


Vcc = 0* Vj or Vo = 0 to 4.5 V 




±100 


ma 


'l(hold) 


Data inputs 


Vcc = 3V 


V| = 0.8 V 


7?i' 


75 


HA 


V| = 2 V 




-75 


IQZH 


Vcc = 3.6 V, Vq = 3 V 


5 


5 


HQB 


iqzl 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


tiA 


'OZPU 


Vcc = 0 to 1 .5 V. Vo = 0.5 V to 3 V. 
OE/OE ss don’t care 


±100* 


±100 


HA 


'OZPD 


Vcc = 1 -5 V to 0. Vo = 0.5 V to 3 V, 
OE/OE = don’t care 


±100* 


±100 


HA 


Icc 


Vcc = 3.6 V, lo = 0, 
V| = Vcc ot GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc “ 3-6 V, 
Other inputs at Vcc °r GND 


0.2 


0.2 


mA 


Ci 


V[ = 3Vor0 


3 


3 


pF 


Co 


Vq = 3 V or 0 


7 


7 


pF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqc = 3-3 V, Ta = 25“C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than V(^q or GND. 



PRODUCT PREVIEW information concerns products in the formativa or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH241, SN74LVTH241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS352H - MARCH 1 994 - REVISED APRIL 1 998 



switching characteristics over recommended ranges of supply voltage and operating free-aIr 
temperature range, C\_ = 50 pF (unless otherwise noted) (see Figure 1) 









SN54LVTH241 


SN74LVTH241 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0,3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


Ml*) MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 






1 


3.7 


4 


1.1 


2.3 


3.5 


3.9 


ns 


<PHL 






1.2 


3.5 


3.7 


1.3 


2.2 


3.4 


3.6 


<PZH 


OE orOE 




1 


4-6^ 


5.5 


1.1 


2.7 


4.5 


5.4 


ns 


•PZL 




1.3 


mm 


5.1 


1.4 


2.9 


4.4 


5 


tPHZ 


OEorOE 




■IsKd 


5.5 


1.6 


2.8 


EO 


5.3 


ns 


‘PLZ 




1.7 


5 


5.5 


1.8 


3 


4.7 


5.2 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of developmenL Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH241, SN74LVTH241 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS352H - MARCH 1994 - REVISED APRIL 1996 



PARAMETER MEASUREMENT INFORMATION 





TEST 


SI 


»plh/*phl 


Open 


•PLZ^tpZL 


6 V 


•PHZ/tpZH 


GND 



Timing input 



Data input 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 




1.5 V 






tPLH — M j* 




- *PHL 


Output 


1 




1.5 V 




1 1 

tpHL — k ^ 


-.L 


- *PLH 



2.7 V 
0 V 

VOH 

VoL 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



^1.5 V 



»pzL !^ -►! k- 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
SI at GND 
(see Note B) 



I 

I 
I 

tpZH 






•PLZ 



I 

/ VqL + 0.3 V 



2.7 V 
0 V 

3 V 






VoL 

•— *PHZ 

VoH 

^OH-0.3V 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zq = 50 Q, tr < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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SN54LVTH244A, SN74LVTH244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS586C - DECEMBER 1 996 - REVISED MARCH 1 998 




description 

These octal buffers and line drivers are designed specifically for lo\«-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

The ’LVTH244A devices are organized as two 4-bit line drivers with separate output-enable (OE) inputs. When 
OE is low, the device passes data from the A inputs to the Y outputs. When OE is high, the outputs are in the 
high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc 'S between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH244A is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH244A is characterized for operation from -40°C to 85°C. 



PROCHiCTION DATA Information it currant at of publication date. 
Products conform to speclficatlont per tfie terms of Teias instruments 
standard warranty. Production proc^ng does not necessarily Include 
testing of all parameters. 
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On products compliant to MIL-PflF-3853S, ail parameters are tested 
unless otherwise noted. On all other products, production 
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SN54LVTH244A, SN74LVTH244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS586C- DECEMBER 1996- REVISED MARCH 1998 




2Y1 

2Y2 

2Y3 

2Y4 
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SN54LVTH244A, SN74LVTH244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS586C - DECEMBER 1996 - REVISED MARCH 1998 



absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcc “0-5 ^ 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vqc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH244A 96 mA 

SN74LVTH244A 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH244A 48 mA 

SN74LVTH244A 64 mA 

Input clamp current, l|« (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 0JA (see Note 3): DB package 115°CA/V 

DW package 97°CAAf 

PW package 1 28°CAAf 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is In the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 









SN54LVTH244A 


SN74LVTH244A 


UNIT 








MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-ievel input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'OH 


High-level output current 




-24 


-32 


mA 


'OL 


Low-level output current 




48 


64 


mA 


At/AV 


Input transition rise or fall rate 


1 Outputs enabled 


10 


10 


nsA/ 


At/AVcC 


Power-up ramp rate 




200 


200 


jisA/ 


ta 


Operating free-air temperature 




-55 


125 


^0 


85 


“C 



NOTE 4: All unused control Inputs of the device must be held at Vcc o’" GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH244A, SN74LVTH244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS586C- DECEMBER 1996- REVISED MARCH 1998 



electrical characteristics over recommended operating free-air temperature range (uniess 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH244A 


SN74LVTH244A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 pA 


VcC-0.2 


Vcc-0.2 


V 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc=3V 


lOH - "24 mA 


2 




lOH = -32 mA 




2 


VOL 


Vcc = 2.7 V 


lOL “ 100 ^A 


0.2 


0.2 


V 


lOL - 24 mA 


0.5 


0.5 


VCC = 3V 


lOL = 13 rnA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


lOL = A8 mA 


0.55 




lOL - 34 mA 




0.55 


h 




Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc Of GND 


±1 


±1 


Data inputs 


Vcc = 3,6 V 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0. V| or Vo = 0 to 4.5 V 




±100 


pA 


h(hold) 


A inputs 


Vcc=3V 


V| = 0.8 V 


75 


75 


pA 


> 

CvJ 

II 

> 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


pA 


lOZL 


Vcc = 3.6 V, Vo = 0.5 V 


-5 


-5 


pA 


lOZPU 


yee = 0 to 1 .5 V. Vo = 0.5 V to 3 V, 
OE - don’t care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0, Vo = 0.5 V to 3 V, 
OE = don't care 


±100* 


±100 


pA 


icc 


Vcc = 3.6 V. 

io = o. 

V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec* 


Vcc = 3 V to 3.6 V, One input at Vcc ” 3-6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


C| 


V| = 3 V or 0 


3 


3 


pF 


Cq 


Vo = 3 V or 0 


7 


7 


pF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqc = 3-3 V, T/\ = 25°C. 

t This is the increase in supply current for each input that Is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVTH244A, SN74LVTH244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS586C- DECEMBER 1996 - REVISED MARCH 1998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1 ) 









SN54LVTH244A 


SN74LVTH244A 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3-3 V 

±0.3 V 


Vcc = 2-7 V 




Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tpLH 






1 


3.6 


4.1 


1.1 


2.3 


3.5 


3.8 


ns 


*PHL 






1.2 


3.4 


3.9 


1.3 


2.1 


3.3 


3.6 


tPZH 


OE 




1 


6.9 


6 


1.1 


2.5 


IQ 


5.3 


ns 


tpZL 




1.3 


mn 


5.4 


1.4 


2.7 


4.4 


4.9 


tPHZ 


OE 




1.3 


4.5 


5.8 


1.9 


2.8 


4.4 


4.5 


ns 


tPLZ 




1.2 




4.8 


1.8 


2,9 


4.4 


4.4 



t All typical values are at Vcc = 3-3 V, Ta = 25“C. 
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SN54LVTH244A, SN74LVTH244A 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCAS586C - DECEMBER 1 996 - REVISED MARCH 1 998 



PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

PULSE DURATION SETUP AND HOLD TIMES 
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• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• High-Impedance State During Power Up 
and Power Down 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Packages, and Ceramic 
(J) DIPS 



SN54LVTH245A, SN74LVTH245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS130O - MAY 1998 - REVISED MARCH 1998 

SN54LVTH245A . . . J OR W PACKAGE 
SN74LVTH245A . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH245A . . . FK PACKAGE 
(TOP VIEW) 




description 

These octal bus transceivers are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

These devices are designed for asynchronous communication between data buses. They transmit data from 
the A bus to the B bus or from the B bus to the A bus, depending on the logic level at the direction-control (DIR) 
input. The output-enable (OE) input can be used to disable the devices so the buses are effectively isolated. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH245A is characterized for operation over the full military temperature range of-55°C to 125°C. 
The SN74LVTH245A is characterized for operation from — 40°C to 85°C. 



PRODUCnOfl DATA tnformation is currant as of MbtkatioR date. 
Products conform to specifications per the terms of Texas instruments 
standard wananty. Production processing does not necessarily include 
testing of all parameters. 
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SN54LVTH245A, SN74LVTH245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 300 - MAY 1992- REVISED MARCH 1996 



FUNCTION TABLE 



INPUTS 


OPERATION 


“61 


DIR 


L 


L 


B data to A bus 


L 


H 


A data to B bus 


H 


X 


Isolation 



logic symbolt 




t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 

logic diagram (positive logic) 




To Seven Other Channels 
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SN54LVTH245A, SN74LVTH245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1300 - MAY 1992- REVISED MARCH 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0-5 ^ 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH245A 96 mA 

SN74LVTH245A 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH245A 48 mA 

SN74LVTH245A 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0JA (see Note 3): DB package 115°CM 

DW package 97°CA/V 

PW package 1 28°C/W 

Storage temperature range, Tgtg -65°Cto150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded it the input and output clamp-current ratings are observed. 

2. This current flows only when the output is In the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH245A 


SN74LVTH245A 


UNIT 






• 


MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


At/AVcc 


Power-up ramp rate 


200 


200 


psA/ 


ta 


Operating free-air temperature 


-55 


125 


^0 


85 


”C 



NOTE 4: All unused control inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH245A, SN74LVTH245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 300 - MAY 1992 - REVISED MARCH 1998 



electrical characteristics over recommended operating free-air temperature range (uniess 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH245A 


SN74LVTH245A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 pA 


Vcc-0.2 


Vcc-0.2 


■ 


Vcc = 2.7 V, IOH = -8mA 


2.4 


2.4 


> 

CO 

II 

O 

O 

> 


Iqh = “24 mA 


2 




Iqh = -32 mA 




2 


VOL 


Vcc = 2.7 V 


Iql = 100 pA 


0.2 


0.2 


V 


Iql “ 24 mA 


0.5 


0.5 


Vcc = 3V 


Iql = 1 6 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




■OL ~ 04 mA 




0.55 


1 


Control inputs 


Vcc = 3-0 V, V| = Vcc or GND 


±1 


±1 


pA 


Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


A or B portst 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = Vcc 


1 


1 


< 

II 

O 


-5 


-5 


■off 


Vcc = O' V|orVo = 0to4.5V 




±100 


pA 


l|(hold) 


A or B ports 


Vcc = 3 V 


V| = 0.8V 


75 


75 


pA 


< 

II 

ro 

< 


-75 


-75 


lOZPU 


^C = 0to1.5V, Vo = 0.5Vto3V, 
OE = don’t care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


icc 


Vcc = 3.6 V, 

io = o, 

V| = Vcc ot gnd 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 




0.19 


0.19 


Alcc§ 


Vcc = 3 V to 3.6 V. One input at Vcc “ 0 ® V. 
Other inputs at Vcc GND 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


pF 


Cio 


Vq = 3 V or 0 


9 


9 


pF 



• On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqq = 3.3 V, Ta = 25°C. 
t Unused terminals are at Vcc ot GNO. 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVTH245A, SN74LVTH245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 300 - MAY 1 992 - REVISED MARCH 1 998 



switching characteristics over recommended operating free-air temperature range, Cl = 50 pF 
(uniess otherwise noted) (see Figure 1) 









I SN54LVTH245A 


I SN74LVTH245A 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3-3 V 
±0.3V 


Vcc = 


2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




>PLH 


A or B 


B or A 


0.7 


3.7 


4.2 


1.2 


2.3 


3.5 


4 




tPHL 


0.7 


3.7 


4.2 


1.2 


2.1 


3.5 


4 




tpZH 


OE 




1.2 


5.7 


7.4 


1.3 


3.2 


5.5 


7.1 


ns 


tpZL 




1.6 


5.7 


6.8 


1.7 


3.4 


5.5 


6.5 


>PHZ 


OE 




1.8 


6.2 


6.8 


2.2 


3.5 


5.9 


6.5 


ns 


tPLZ 


Ol D 


1.8 


5.3 


5.5 


2.2 


3.4 


5 


5.1 



t All typical values are at Vcc = 3-3 V, T/\ = 25°C. 
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SN54LVTH245A, SN74LVTH245A 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 300 - MAY 1 992 - REVISED MARCH 1998 



PARAMETER MEASUREMENT INFORMATION 




Timing input 



input 




2.7 V 
OV 



Data input 



TEST 


SI 


*plh/*phl 


Open 


tPLZ/tpZL 


6 V 


tPHZ/tPZH 


GND 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TiMES 



Input 








1.5 V 




2.7 V 

1*1 \i 














U V 




•PLH - 


J4 

1 1 ^ 






- *PHL 


Vqh 


Output 






T" 

I 




1.5 V 
V 






I ' 


I 






VQL 




tPHL- 




k 


1 


- tpLH 




Output 




N^1.5 V 




1 


/ 

1.5 V 


VOH 

VoL 



VOLTAGE WAVEFORMS 
PROPAGATiON DELAYTIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note 6) 






tpZL — ►! k— 



^^1.5 V 



•PZH 



*PLZ 



I 

_£voij-f:3_y 



2.7 V 
0 V 

3 V 

VoL 



-tPHZ 



y|47v ^OH- 



— «ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, tr < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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SN54LVTH2245, SN74LVTH2245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS707B - SEPTEMBER 1 997 - REVISED MARCH 1998 



• 


State-of-the-Art Advanced BiCMOS 


SN54LVTH2245 . . 


. J OR W PACKAGE 




Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 


SN74LVTH2245 . . 

1 


. DB, DW, OR PW PACKAGE 
(TOP VIEW) 




Dissipation 


DIR[ 


\ 

1 




] Vcc 


• 


B-Port Outputs Have Equivalent 22-Q. 


A1 [ 


2 


19 


] OE 




Series Resistors, So No External Resistors 


A2f 


3 


18 


] 




Are Required 


A3[ 


4 


17 


] B2 


• 


High-Impedance State During Power Up 


A4[ 


5 


16 


] B3 




and Power Down 


A5[ 


6 


15 


] B4 


• 


Power Off Disables Outputs, Permitting 


A6[ 


7 


14 


] B5 




Live Insertion 


A7[ 


8 


13 


] B6 


• 


Bus Hold on Data Inputs Eliminates the 


A8[ 


9 


12 


]B7 




Need for External Pullup/Pulldown 


gnd[ 


10 


11 


] B8 



Resistors 



• Support Mixed-Mode Signai Operation (5-V 
input and Output Voitages With 3.3-V Vcc) 

• Support Unreguiated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Latch-Up Performance Exceeds 500 mA 
Per JESD17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Packages, and Ceramic 
(J) DIPS 



SN54LVTH2245 . . . FK PACKAGE 
(TOP VIEW) 




description 

These octal bus transceivers are designed specifically for low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

These devices are designed for asynchronous communication between data buses. They transmit data from 
the A bus to the B bus or from the B bus to the A bus, depending on the logic level at the direction-control (DIR) 
input. The output-enable (OE) input can be used to disable the devices so the buses are effectively isolated. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The B-port outputs, which are designed to source or sink up to 12 mA, include equivalent 22-n series resistors 
to reduce overshoot and undershoot. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA infonnatlon current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54LVTH2245, SN74LVTH2245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS707B - SEPTEMBER 1 997 - REVI SED MARCH 1 998 

description (continued) 

The SN54LVTH2245 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH2245 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 



INPUTS 




OE 


OIR 




L 


L 


B data to A bus 


L 


H 


A data to B bus 


H 


X 


Isolation 



iogic symboit 




tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 

iogic diagram (positive iogic) 




To Seven Other Channels 
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SN54LVTH2245, SN74LVTH2245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS707B- SEPTEMBER 1997- REVISED MARCH 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + V 

Current into any output in the low state, Iq: SN54LVTH2245 (A port) 96 mA 

SN74LVTH2245 (A port) 128 mA 

B port 30 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH2245 (A port) 48 mA 

SN74LVTH2245 (A port) 64 mA 

B port 30 mA 

Input clamp current, l|x (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) mA 

Package thermal impedance, 6 ja (see Note 3): DB package 115°CA/V 

DW package 97°CA/V 

PW package 128°C/W 

Storage temperature range, Tstg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under ‘'recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the Input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 





SN54LVTH2245 


SN74LVTH2245 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


ViH High-level input voltage 


2 


2 


V 


V|j_ Low-level input voltage 


^.e 


0.8 


V 


V| Input voltage 


5.5 


5.5 


V 


Iqh High-level output current 


A port 


“24 


-32 


mA 


B port 


..V -12 


-12 


Iql Low-level output current 


A port 


48 


64 


mA 


B port 


^ 12 


12 


At/Av Input transition rise or fall rate 


Outputs enabled 


10 


10 


nsA/ 


Ai/A^QQ Power-up ramp rate 


200 


200 


psA/ 


T/\ Operating free-aIr temperature 


-55 125 


-40 85 


»c 



NOTE 4; All unused control inputs of the device must be held at Vcc GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH2245, SN74LVTH2245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS707B- SEPTEMBER 1997 - REVISED MARCH 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 




* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, = 25®C. 
t Unused terminals are at Vqq or GND. 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqq or GND. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development, Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH2245, SN74LVTH2245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS707B - SEPTEMBER 1997 - REVISED MARCH 1 998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 









SN54LVTH2245 


SN74LVTH2245 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 

±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




•PLH 




B 


1 


4.6 


5.3 


1.1 


2.9 


■a 


5.1 


ns 


tpHL 




1 


4.6 


5.3 


1.1 


2.6 


4.4 


5.1 


tPLH 


B 




1 


3.7 




4.2 


1.1 


2.2 


3.5 


4 


ns 


tPHL 




1 


3.7 


' 4.2 


1.1 


2 


3.5 


4 


tpZH 


OE 




1.2 


5.7, 




7.4 


1.3 


3.1 


5.5 


7.1 


ns 


tpZL 




1.6 




6.8 


1.7 


3.2 


5.5 


6.5 


'PHZ 


OE 






6.8 


2.2 


3.6 


5.9 


6.5 


ns 


tPLZ 






im 


5.5 


2.2 


3.4 


5 


5.1 


tPZH 


OE 


B 


1.2 


6.4 


7.6 


1.3 


3.5 


6.2 


7.3 


ns 


tpZL 


1.6 


6.4 


7.5 


1.7 


3.7 


6.2 


7.3 


tpHZ 


OE 


B 


2 


6.1 


6.8 


2.2 


3.9 


5.9 


6.5 


ns 


tPLZ 


2 


5.7 


5.9 


2.2 


3.7 


5.4 


5.7 



t All typical values are at Vcc = 3-3 V, Ta = 25“C. 



PRODUCT PREVIEW infonnatjon concerns products In the formative or 

S phase of developmenL Characteristic data and other 
cations are design goals. Texas Instruments reserves the right to 
t or discontinue these product widtout notice. 
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SN54LVTH2245, SN74LVTH2245 
3.3-V ABT OCTAL BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS707B- SEPTEMBER 1997- REVISED MARCH 1998 



PARAMETER MEASUREMENT INFORMATION 




Timing Input 




TEST 


SI 


tPLH/tPHL 


Open 


tPLZrtPZL 


6 V 


tPHZ/tpZH 


GND 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 






V 

A 




1.5 V 




2.7 V 
n \y 




*PLH - 










- *PHL 


U V 

VoH 


Output 




iJ 


/ 

1.5 V 


T 

1 




1.5 V 
'y 






1 




1 






VOL 




•PHL- 






k 


I 


- fPLH 


VOH 

VOL 


Output 






1.5 V 

V 




I 


^1.5V 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



JM.5V X1.5V 

^ 



tpzL k- -►! rt- 
L 



~N^1.5 V 



fpZH 



•PLZ 



/ VOLt0.3V 



<PHZ 






0.3 V 



2.7 V 
0 V 

3 V 
VOL 

VOH 
= 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 
B. 



C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output Is low except when disabled by the output control. 
Waveform 2 Is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zq = 50 £J, tr S 2,5 ns, tf S 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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SN54LVTH273, SN74LVTH273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS1 36J - MAY 1992 - REVISED APRIL 1 998 



I • State-of-the-Art Advanced BiCMOS 

I Technology (ABT) Design for 3.3-V 

I Operation and Low Static Power 

I Dissipation 

I • Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Buffered Clock and Direct Clear Inputs 

• Individual Data Input to Each Flip-Flop 

• Typical Vqi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), and 
Ceramic (J) DIPs 

description 



SN54LVTH273 . . . J PACKAGE 
SN74LVTH273 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH273 . . . FK PACKAGE 
(TOP VIEW) 





These octal D-type flip-flops are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

The ’LVTH273 devices are positive-edge-triggered flip-flops with a direct clear input. Information at the data (D) 
inputs meeting the setup-time requirements is transferred to the Q outputs on the positive-going edge of the 
clock pulse. Clock triggering occurs at a particular voltage level and is not directly related to the transition time 
of the positive-going pulse. When the clock (CLK) input is at either the high or low level, the D-input signal has 
no effect at the output. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH273 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH273 is characterized for operation from -40°C to 85°C. 



UNLESS OTHERWISE NOTED this document contsins PRODUCTION 
DATA Information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily Include testing of all 
parameters. 
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SN54LVTH273, SN74LVTH273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 
WITH CLEAR 

SCBS1 36J - MAY 1 992 - REVISED APRIL 1 998 

FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 


CLR 


CLK 


D 


0 


L 


X 


X 


L 


H 


T 


H 


H 


H 


T 


L 


L 


H 


H or L 


X 


Qo 



logic symbolt 




t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 

logic diagram (positive logic) 

ID 2D 3D 4D 5D 6D 7D 8D 
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SN54LVTH273, SN74LVTH273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS1 36J - MAY 1992 - REVISED APRIL 1 998 



absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcc V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vqc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH273 96 mA 

SN74LVTH273 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH273 48 mA 

SN74LVTH273 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0JA (see Note 3); DB package 115°CAAf 

DW package 97°CA/V 

PW package 128°C/W 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated In accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







1 SN54LVTH273 


1 SN74LVTH273 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


.. >0-8 


0.8 


V 


V| 


Input voltage 


1 


5.5 


5.5 


V 


iqh 


High-level output current 


1 -24 1 


-32 


mA 


iql 


Low-level output current 


C? 


48 


64 


mA 


At/AV 


Input transition rise or fall rate 




10 


10 


nsA/ 


Ta 


Operating free-air temperature 


-55 


125 


^0 


85 


“C 



NOTE 4: All unused control inputs of the device must be held at Vcc GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH273, SN74LVTH273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 
WITH CLEAR 

SCBS1 36J - MAY 1 992 - REVISED APRIL 1 998 



electrical characteristics over recommended operating free-air temperature range (uniess 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH273 


SN74LVTH273 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1 .2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, loH = -100tiA 


Vcc-0.2 


Vcc-0.2 


V 


Vcc = 2.7 V, IOH = -8mA 


2.4 


2.4 


Vcc = 3 V 


Iqh = -24 mA 


2 




Iqh = -32 mA 




2 


VOL 


Vcc = 2.7 V 


Iql = 100 


0,2 


0,2 


V 


Iql = 24 mA 


0.5 


0.5 


Vcc = 3 V 


Iql = 16 mA 


... 0*4 


0.4 


Iql = 32 mA 


0-5 


0.5 


Iql = 48 mA 


,4}.' 0.55 




Iql = 64 mA 




0.55 


■ 




Vcc = 0 Of 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc Of GND 


±1 


+1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


1 'off 


|vcc = 0, V| or Vo = 0 to 4.5 V 




±100 


|iA 


l|(hold) 


Data inputs 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


< 

II 

ro 

< 


-75 


-75 


icc 


Vcc = 3.6 V, '0 = 0. 

V| = Vcc Of gnd 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vqc “ V- 
Other inputs at Vqo or GND 


0.2 


0.2 


mA 


C| 


V| = 3 V or 0 


4 


4 


PF 



t All typical values are at Vqc = 3-3 V, Ta = 25°C. 

t This Is the Increase In supply current for each Input that Is at the specified TTL voltage level rather than Vcc or GND. 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 



























































































































SN54LVTH273, SN74LVTH273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 

WITH CLEAR 

SCBS136J- MAY 1992 - REVISED APRIL 1996 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH273 


1 SN74LVTH273 


UNIT 




Vcc = 2.7V 


Vcc = 3.3V 
+ 0.3V 


Vcc = 2.7V 


MIN MAX 


MIN MAX 


MfN TYPt MAX 


MIN MAX 


1 ..^ 






150 




150 




MHz 


tPLH 


CLK 


AnyQ 






1 

1 


5.5 


ns 


tPHL 






1 1.9 3.2 4.8 


5.1 


tPHL 


CLR 


Any Q 




[ ii 


I 


4.7 


ns 



t All typical values are at Vqo = 3.3 V, Ta = 25®C. 



PRODUCT PREVIEW intonnatlon concflms products In the formative or 
dotloR phase of development Characteristic data and other 
tpecmcatlons are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH273, SN74LVTH273 
3.3-V ABT OCTAL D-TYPE FLIP-FLOPS 
WITH CLEAR 

SCBS1 36J - MAY 1 992 - REVISED APRIL 1998 



PARAMETER MEASUREMENT INFORMATION 




Input 





2.7 V 



OV 



TEST 


S1 


•PLHftPHL 


Open 


‘PLZrtpZL 


6 V 


*PHZ/*PZH 


GND 



Timing Input 



Data Input 




2.7 V 
OV 



2.7 V 
OV 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input .5 V 





2.7 V 
n \i 


*PLH 


1 

1 




1 

M- 

1 


— ►}— tPHL 


U V 

VOH 


Output 


1 


/.5V 1 


V 




1 




1 




VOL 


tPHL- 


H*- 


-H 

1 


k- 


— ►[— *PLH 


V^LJ 


Output 




\.5V 


1 ^ 

^1.5 V 


*OH 

VOL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAYTIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



^1.5 V 

•PZL -*l — ►! k— tpLZ 

^15V I ^ 

I V / VoLf0.3V 



2.7 V 
OV 

3V 



tpZH 



I I 



VoL 

tPHZ 

VOH 



^OH-0-3V ^ 



0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zq = 50 Q, V < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voltage Waveforms 
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SN54LVTH373, SN74LVTH373 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS689D - MAY 1 997 - REVISED APRIL 1 998 



■T 


State-of-the-Art Advanced BiCMOS 


SN54LVTH373 . . 


. J OR W PACKAGE 


I 


Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 


SN74LVTH373 . . 


. DB, DW, OR PW PACKAGE 
(TOP VIEW) 


f 


Dissipation 


oe[ 


1 

1 


20 


] Vcc 


I • 


High-Impedance State During Power Up 


iq[ 


2 


19 


]8Q 




and Power Down 


1D[ 


3 


18 


]8D 


• 


Bus Hold on Data Inputs Eliminates the 


2D[ 


4 


17 


]7D 




Need for External Pullup/Pulldown 


2Q[ 


5 


16 


]7Q 




Resistors 


3Q[ 


6 


15 


] 6Q 


• 


Support Mixed-Mode Signal Operation 


3D[ 


7 


14 


] 6D 




(5-V Input and Output Voltages With 


4D[ 


8 


13 


] 5D 




3.3-V Vcc) 


4Q[ 


9 


12 


]5Q 


• 


Support Unregulated Battery Operation 
Down to 2.7 V 


gnd[ 


10 


11 


]le 



• Power Off Disables Outputs, Permitting 
Live Insertion 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, T* = 25°C 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Package, and Ceramic (J) 
DIPS 



SN54LVTH373 . . . FK PACKAGE 
(TOP VIEW) 




description 

These octal latches are designed specifically for low-voltage (3.3-V) Vqc operation, but with the capability to 
provide a TTL interface to a 5-V system environment. 

While the latch-enable (LE) input is high, the Q outputs follow the data (D) inputs. When LE is taken iow, the 
Q outputs are latched at the logic levels set up at the D inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

OE does not affect the internal operations of the latches. Old data can be retained or new data can be entered 
while the outputs are in the high-impedance state. 

When Vcc between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 



UNLESS OTHERWISE NOTED tllll document conWns PRODUCTION 
DATA information current as of publication date. Products conform to 
spedficatloRS per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily Include testing of all 
parameters. 
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SN54LVTH373, SN74LVTH373 

3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS689D - MAY 1 997 - REVISED APRIL1 998 

description (continued) 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH373 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH373 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each latch) 



INPUTS 


OUTPUT 


OE 


LE 


D 


Q 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


Z 



logic symbolt 




txhis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 

logic diagram (positive logic) 




To Seven Other Channels 
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SN54LVTH373, SN74LVTH373 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS689D - MAY 1 997 - REVISED APRIL 1 996 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vqq + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH373 96 mA 

SN74LVTH373 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH373 48 mA 

SN74LVTH373 64 mA 

Input clamp current, l|« (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) ~50 mA 

Package thermal impedance, 0JA (see Note 3): DB package 115°CAA/ 

DW package 97°CA/V 

PW package 128°CA/V 

Storage temperature range, Tgtg -65°C to 150“C 



f Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > V 0 c- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 









SN54LVTH373 


SN74LVTH373 


UNIT 








MIN MAX 


1 MIN 


MAX 


Vcc 


Supply voltage 




2.7 3.6 




3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level Input voltage 




^45.8 


0.8 


V 


V| 


Input voltage 






5.5 


V 


'OH 


High-level output current 




-24 


-32 


mA 


IQL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


1 Outputs enabled 


Jy' 10 


10 


nsA/ 


At/AVcc 


Power-up ramp rate • 




200 


200 


psAf 


Ta 


Operating free-air temperature 




-55 125 


-40 


85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development Characteristic data and other 
spedflcations are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH373, SN74LVTH373 

3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS689D - MAY 1 997 - REVISED APRIL 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH373 


SN74LVTH373 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, IOH = -100|‘A 


Vcc-0.2 


Vcc-O-2 


■ 


Vcc = 2.7 V, IOH=-8mA 


2.4 


2.4 


Vcc = 3 V 


lOH = -24 mA 


2 




lOH = -32 mA 




2 


VOL 


Vcc = 2.7 V 


Iql = 1 00 |iA 


0.2 


0.2 


V 


lOL “ 24 mA 


0.5 


0.5 


Vcc = 3 V 


Iql =10 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




*OL = 64 mA 




0.55 


■ 




Vcc = 3 0'’ 3.6 V, V| = 5.5 V 


10 


10 


HA 


Control inputs 


Vcc = 3.6 V, V| = Vcc 01' GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


A -5 


-5 


'off 


Vcc = 0, V| or Vo = 0 to 4.5 V 




±100 


pA 


l|(hold) 


Data inputs 


VCC=3V 


V| = 0.8 V 


75-^ 


75 


pA 


> 

C\i 

II 

> 


-7S 


-75 


Iqzh 


Vcc = 3-6 V, Vq = 3 V 


5 


5 


pA 


'OZL 


Vcc = 3 6 V, Vq = 0.5 V 


-5 


-5 


pA 


'OZPU 


y^C = 0 to 1.5 V, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


lOZPD 


Vqc = 1 .5 V to 0. Vo = 0.5 V to 3 V, 
OE don’t care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6V, lo = 0, 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec* 


Vcc = 3 V to 3.6 V, One input at Vcc “ 3-6 
Other inputs at Vcc ®ND 


• 0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


3 


3 


PF 


Co 


Vq = 3 V or 0 


7 


7 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at V(;;c = 3-3 V, = 25®C. 

t This Is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc o*" GND. 



PRODUCT PREVIEW information concerns products In the formative or 
desiw phase of development Characteristic data and other 
specmcstions are design goals. Texas Instruments reserves the right to 
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SN54LVTH373, SN74LVTH373 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS689D - MAY 1 997 - REVISED APRIL 1 998 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 







SN54LVTH373 


SN74LVTH373 








Vcc = 3-3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 

±0.3 V 


Vcc = 2.7 V 


UNIT 






MIN 


MAX 


IVIIN MAX 


MIN MAX 


MIN MAX 




tw 


Pulse duration, LE high 


3 


3 


3 


3 


ns 


^su 


Setup time, data before LEi 


1.1 




0.4 


1.1 


0.4 


ns 


»h 


Hold time, data after LEj. 


1.7 




2 


1.4 


1.4 


ns 



switching characteristics over recommended free-air temperature, = 50 pF (unless otherwise 
noted) (see Figure 1) 









SN54LVTH373 


SN74LVTH373 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 

±0.3 V 


Vcc = 2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN MAX 




tpLH 


D 


Q 


1.4 


4.1 


4.7 


1.5 


2.6 


3.9 


4.5 


ns 


tPHL 


1.4 


4.1 


4.7 


1.5 


2.6 


3.9 


4.5 


tPLH 


LE 




1.6 


4.4 


5.1 


1.7 


2.7 


4.2 


4.9 


ns 


tPHL 




1.6 


4.4 


5.1 


1.7 


2.7 


4.2 


4.9 


tpZH 


OE 


Q 


1.2 


5 


6.1 


1.3 


3 


4.8 


5.9 


ns 


tpZL 


1.2 


s 


5.7 


1.3 


3 


4.8 


5.5 


tPHZ 


OE 




1.8 


4.8 


5.1 


1.9 


3 


4.6 


4.9 


ns 


tpLZ 




1.8 


4.8 


CD 


1.9 


3 


IS 


4.6 



t All typical values are at Vcc - 3-3 V, Ta = 25°C. 



PRODUCT PREVIEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH373, SN74LVTH373 

3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS689D - MAY 1 997 - REVISED APRIL 1 998 



PARAMETER MEASUREMENT INFORMATION 





TEST 


SI 


•plh/*phl 


Open 


tPLZ/tpZL 


6V 


•PHZ/tpZH 


GND 



Timing Input 



Data Input 




2.7 V 
OV 



2.7 V 
OV 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



..... X”'' 



*PLH 



2.7 V 

0 V 

k ►[- *PHL 

J 1 VoH 



Output 



Output 



1.5 V 



VOL 



<PHL — H ►[— *PLH 

\/ VoH 

1.5V yi.5V 

^ VoL 






VOLTAGE WAVEFORMS 
PROPAGATION DELAYTIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 






/ 

1.5 V 
V 


2.7 V 
n V 


Output 


tpZL -►! 

I 




rt-tpLZ 

1 


U V 
t \t 


Waveform 1 
SI at 6 V 


I 

I 


^,.sv I 


\/^ 

/ VQL + 0.3V 


J V 
\f 


(see Note B) 


I 


i 


1 


VOL 


Output 


tpZH 




l^tpHZ 

_J 


VOH 
= 0 V 


Waveform 2 
S1 at GND 




^1.5 V 


^OH-0.3V 


(see Note B) 









VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 fi, tf ^ 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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SN54LVTH374, SN74LVTH374 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS683D- MARCH 1997- REVISED MARCH 1998 



• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• High-Impedance State During Power Up 
and Power Down 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 



SN54LVTH374 . . . J OR W PACKAGE 
SN74LVTH374 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, Ta = 25°C 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Latch-Up Performance Exceeds 500 mA Per 
JESD17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Package, and Ceramic (J) 



SN54LVTH374 . . . FK PACKAGE 
(TOP VIEW) 



Q olli! 3 




a Q ^ o Q 

-t Z rd “7 m 
O ^ 



DIPS 



description 

These octal flip-flops are designed specifically for low-voltage (3.3-V) Vcc operation, but with the capability to 
provide a TTL interface to a 5-V system environment. 

The eight fiip-flops of the ’LVTH374 devices are edge-triggered D-type flip-flops. On the positive transition of 
the clock (CLK) input, the Q outputs are set to the logic ievels set up at the data (D) inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantiy. The high-impedance state and increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

OE does not affect the internal operations of the flip-fiops. Oid data can be retained or new data can be entered 
while the outputs are in the high-impedance state. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA Information current as of publication date. Products conform to 
apeclflcatlona per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54LVTH374, SN74LVTH374 

3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS683D - MARCH 1997- REVISED MARCH 1998 



description (continued) 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH374 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH374 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each flip-flop) 



1 INPUTS 


OUTPUT 

Q 


OE 


CLK 


D 


L 


T 


H 


H 


L 


T 


L 


L 


L 


H or L 


X 


Qo 


H 


X 


X 


z 



logic symbolt 



OE 

CLK 

ID 

2D 

3D 

4D 

5D 

6D 

7D 

8D 



11 



EN 
> Cl 



3 


ID V 


2 


4 


5 




7 


6 




8 


9 




13 


12 




14 


15 




17 


16 




18 


19 









IQ 

2Q 

3Q 

4Q 

5Q 

6Q 

7Q 

8Q 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and lEC Publication 61 7-1 2. 



logic diagram (positive logic) 




To Seven Other Channels 
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SN54LVTH374, SN74LVTH374 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS683D - MARCH 1 997 - REVISED MARCH 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqc “0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH374 96 mA 

SN74LVTH374 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH374 48 mA 

SN74LVTH374 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) ~50 mA 

Package thermal impedance, 0JA (see Note 3): DB package 115°CA/V 

DW package 97°CAA/ 

PW package 1 28°CAA/ 

Storage temperature range, Tstg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings oniy, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH374 


SN74LVTH374 








MIN MAX 


MIN 


MAX 




Vcc 


Supply voltage 


2.7 3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


^ 5.5 


5.5 


V 


'OH 


High-level output current 


-24 


-32 


mA 


Iql 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fail rate 


10 


10 


ns/V 


At/AVcc 


Power-up ramp rate 


200 


200 


lisA/ 


ta 


Operating free-air temperature 


-55 125 


-40 


85 


“C 



NOTE 4: All unused control inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW information concerns products in the formattw or 
design phase of development Characteristic data and other 
specmcatlona are design goais. Texas Instruments reserves die right to 
change or discontinue th^ products without notice. 
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SN54LVTH374, SN74LVTH374 

3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS683D - MARCH 1 997 - REVISED MARCH 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH374 


SN74LVTH374 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1.2 


-1 .2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 pA 


Vcc-0.2 


Vcc-0.2 


■ 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc=3V 


Iqh = -24 mA 


2 




Iqh = -32 mA 




2 


VoL 


Vcc = 2.7 V 


lOL = 100 |iA 


0.2 


0.2 


V 


lOL = 24 mA 


0.5 


0.5 


Vcc = 3 V 


lOL = 10 rnA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




lOL = 04 *tiA 




0.55 


■ 




Vcc = 0 or 3.6 V, V| = 5.5 V 


4^ 10 


10 


pA 


Control inputs 


Vcc = 3-6 V, Vi = VccorGND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


< 

II 

< 

o 

o 


M 1 

V" I 


1 


V| = o 


A,!'’ -5 


-5 


'off 


Vcc = 0. Vi or Vo = 0 to 4.5 V 




±100 


pA 


l|(hold) 


Data Inputs 


Vcc = 3 V 


V| = 0.8 V 




75 


pA 


< 

II 

ro 

< 


-ffe' 


-75 


lOZH 


Vcc = 3.6 V, Vq = 3 V 


5 


5 


pA 


'OZL 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


pA 


'OZPU 


Vcc = 0 to 1 .5 V, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


lOZPD 


Vqc = 1 .5 V to 0, Vo = 0.5 V to 3 V. 
OE = don’t care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6 V, 
io = o, 

V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vqc “ 0.6 V, 
Other inputs at Vcc o'” 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


3 


3 


pF 


Co 


Vo = 3 V or 0 


7 


7 


pF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at ^CC = 3.3 V, T/^ = 25®C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW <nfonnatk>n cortcems products In the formative or 
design phase of development Characteristic data and other 
specificatlorts are design goals. Texas Instruments reserves the right to 
change or discontinue thc^ products without notice. 
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SN54LVTH374, SN74LVTH374 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS683D- MARCH 1997- REVISED MARCH 1996 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 





SN54LVTH374 


SN74LVTH374 


UNIT 


Vcc = 3-3 V 
±0.3 V 


Vcc = 2 7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fciock Clock frequency 


150 


^ 


150 


150 


MHz 





3-3 .< 




3.3 


3.3 


ns 


■IJIM.UIII.ILlJ.ia!i!«iI4ia— — 




2 


1.5 


2 


ns 


th Hold time, data after CLKT 


0.8 ’ 


0.5 


0.8 


0 


ns 



switching characteristics over recommended ranges of suppiy voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1 ) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH374 


SN74LVTH374 


UNIT 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 

±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


^max 






150 




150 


150 


MHz 


tPLH 


CLK 


Q 


1.7 4.7 


5.3 




5 


ns 


♦PHL 


1.7 4.5, 


? 4.6 


1.8 2.9 4.2 


4.3 


*PZH 


OE 


Q 


1.2 A£; 


5.7 


1.3 2.8 4.7 


5.6 


ns 


«PZL 




5.4 




5.2 


tPHZ 


OE 


Q 


1.8 .i±4.8 


5 


1.9 3 4.6 


4.9 


ns 


tPLZ 


■OKS 


5 


2 3.1 4.5 


4.6 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 



PRODUCT PREViEW Information concerns products in the formative or 
detlqn phase of development. Characteristic data and other 
apecifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH374, SN74LVTH374 

3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS683D - MARCH 1 997 - REVISED MARCH 1 998 



PARAMETER MEASUREMENT INFORMATION 



O 6V 





TEST 


SI 


*plh/*phl 

tpLZ/tpzL 

tPHZ/*PZH 


Open 

6V 

GND 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0 V 



2.7 V 
0 V 



Input 



^1.5 V 



• 2.7 V 
■0 V 



Output 






1.5 V 



•VOH 

-1.SV 

VoL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



*PLH 


-k- 

1 


-H k- 

1 1 


-k- 

1 


- *PHL 


VoH 

Vql 


Output 


Output 


1 






1.5 V 

s 


Waveform 1 
SI at 6 V 




1 


1 






(see Note B) 


*PHL 


\ 4 - 


-k k- 


-k 


-*PLH 







) i'"' 



<PZL — ►! |4— -W k- tpLZ 

I I I 



Output 
Waveform 2 
SI at GND 
(see Note B) 



\l-5V j yCoL*0.3V 

I , 'I 

tpZH -»| k— -»1 |«- tpHZ 

yiTv ^ 



:voh-o.3v 



• 2.7 V 

• OV 

3V 

VOL 

VOH 

»ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Ci_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output Is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output Is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR <10 MHz. Zq = 50 O, tp < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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SN54LVTH540, SN74LVTH540 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS681 D - MARCH 1 997 - REVISED MARCH 1 998 



State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 



• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Package, and Ceramic (J) 
DIPS 



SN54LVTH540 . , . J OR W PACKAGE 
SN74LVTH540 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 





Dissipation 


oeT 


7^ 




e 


High-Impedance State During Power Up 


A1 


2 


19 




and Power Down 


A2 


3 


18 


• 


Bus Hold on Data Inputs Eliminates the 


A3 


4 


17 




Need for External Pullup/Pulldown 


A4 I 


5 


16 




Resistors 


A5 I 


6 


15 


• 


Support Mixed-Mode Signal Operation (5-V 


A6 I 


7 


14 




Input and Output Voltages With 3.3-V Vcc) 


A7[ 


8 


13 


e 


Support Unregulated Battery Operation 


A8 


9 


12 




Down to 2.7 V 


GND 


10 


11 



SN54LVTH540 . . . FK PACKAGE 
(TOP VIEW) 

I’- O I'M 
cvj ^ m O ky 

< < lo > lo 



A3 


1 3 

J4 


2 1 


20 19 r 

18L 


Y1 


A4 


]5 




17[ 


Y2 


A5 


]6 




16[ 


Y3 


A6 


]7 




15[ 


Y4 


A7 




10 11 


14[ 
12 13 


Y5 



CO Q CO H- <0 
< z > >- > 

a 



These octal buffers/drivers are designed specifically for low-voltage (3.3-V) Vqc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

The ’LVTH540 devices are ideal for driving bus lines or buffer memory address registers. These devices feature 
inputs and outputs on opposite sides of the package that facilitate printed circuit board layout. 

The 3-state control gate is a 2-input AND gate with active-low inputs so that if either output-enable (OE1 or OE2) 
input is high, all outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH540 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH540 is characterized for operation from — 40°C to 85°C. 



UNLESS OTHERWISE NOTED Dlls document contains PRODUCTION 
DATA infonnaUon current as ol publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily Include testing of all 
parameters. 
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SN54LVTH540, SN74LVTH540 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS681 D - MARCH 1 997 - REVISED MARCH 1 996 

FUNCTION TABLE 



INPUTS 


OUTPUT 


6IT OK A 


Y 


L L L 


H 


L L H 


L 


H X X 


z 


X H X 


z 



logic symbolt 




tThis symbol is in accordance with ANSi/IEEE Std 91-1984 and lEC Publication 617-12. 

logic diagram (positive logic) 




To Seven Other Channels 
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SN54LVTH540, SN74LVTH540 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS681 D - MARCH 1997 -REVISED MARCH 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vqc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH540 96 mA 

SN74LVTH540 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH540 48 mA 

SN74LVTH540 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, Oja (see Note 3): DB package 115°CA/\/ 

DW package 97°CAW 

PW package 1 28°CA/V 

Storage temperature range, Tgig -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The Input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH540 


SN74LVTH540 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


■Si 


3.6 


mm 


3.6 


V 


V|H 


High-level input voltage 


I 2 




2 


V 


V|L 


Low-level input voltage 


-■J0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'OH 


High-level output current 




-24 


-32 


mA 


'OL 


Low-level output current 


/'V 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


'i'- ' 


10 


10 


ns/V 


At/AVcC 


Power-up ramp rate 


I 200 


200 


\isN 


ta 


Operating free-air temperature 


I -55 


125 1 


-40 


85 


X 



NOTE 4: All unused control Inputs of the device must be held at Vqc or GND to ensure proper device operation. Refer to the T! application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW information concerns products In the formative or 

S haee ol development Characteristic data and other 
one are design goals. Texas Instruments reserves the right to 
discontinue these products without notice. 
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SN54LVTH540, SN74LVTH540 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS681 D - MARCH 1997 - REVISED MARCH 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH540 


SN74LVTH540 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vec = 2.7V, l|=-18mA 


-1.2 


-1 .2 


V 


VOH 


Vee = 2.7 V to 3.6 V, IQH = -1 00 pA 


vee- 0.2 


vee- 0.2 


■ 


Vce = 2.7V, IOH = -8mA 


2.4 


2.4 


Vee = 3 V 


lOH = -24 mA 


2 




'oh = -32 mA 




2 


VOL 


Vce = 2.7V 


Iql - 1 00 pA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


Vee = 3 V 


'OL = 


0.4 


0.4 


'OL - 32 mA 


0.5 


0.5 


'OL = mA 


0.55 




Iql “ 04 mA 




0.55 


■ 




Vee = 0 or 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vee = 3.6 V, V| = Vee or gnd 


±1 


±1 


Data inputs 


Vee = 3.6 V 


< 

II 

< 

0 

0 


1 


1 


V| = o 




-5 


'off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


Data inputs 


vee=3v 


V| = 0.8 V 


75- 


75 


pA 


V| = 2V 


-rfe 


-75 


IQZH 


Vee = 3.6 V, vq = 3 V 


5 


5 


pA 


Iqzl 


Vee = 3.6 V, Vo = 0.5 v 


-5 


-5 


pA 


Iqzpu 


Vcc = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


iqzpd 


yee = 1 .5 V to 0, Vq = 0.5 V to 3 V, 
OE = don't care 


±100* 


±1 00 


pA 


Icc 


Vee = 3.6 V, 

io = o, 

V| = Vee or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alee* 


Vcc = 3 V to 3.6 V, One input at Vcc “ 0 ® V, 
Other inputs at Vcc o'” 


0.2 


0.2 


mA 


Ci 


V| = 3VorO 


3 


3 


pF 


Co 


Vq = 3 V or 0 


7 


7 


PF 



» On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, T/\ = 25°C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW information concame products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
cnange or discontinue these products without notice. 
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SN54LVTH540, SN74LVTH540 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS681 D - MARCH 1 997 - REVISED MARCH 1 998 



switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 1) 









SN54LVTH540 


SN74LVTH540 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3-3 V 
±0.3V 


Vcc = 


2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 






1 


3.9 


4.7 


1.1 


2.4 


3.8 


4.6 


ns 


tPHL 






1 


3.9 


C 4.7 


1.1 


2.7 


3.8 


4.6 


tpZH 


OE1 or OE2 




1.4 


5.3, 


6.3 


1.5 


3.4 


5.2 


6.2 


ns 


tpZL 




1.4 


5.5’ 


6.1 


1.5 


3.7 


5.3 


5.9 


tPHZ 


OET or OE2 




1.4 


5.9 


6.2 


1.5 


3.9 


5.6 


5.9 


ns 


tPLZ 




1.4 


Bn 


5.8 


1.5 


3.5 


5 


5.3 



t All typical values are at Vcc = 3-3 V, T/\ = 25°C. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH540, SN74LVTH540 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS681 D - MARCH 1997- REVISED MARCH 1998 



PARAMETER MEASUREMENT INFORMATION 



O 6 V 





TEST 


SI 


*PHL/*PLH 

•PLZ/tPZL 

•PHZ/tpZH 


Open 
6 V 
GND 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input ~~ X' ” 



tPLH -!♦ 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 






Output 
Waveform 1 
SI at 6 V 
(see Note B) 

Output 
Waveform 2 
SI at GND 
(see Note B) 



*PZL k- fpLZ 





! J^ OL^O-3V 



■ 2.7 V 
. 0 V 

■ 3 V 



*PZH 



J L 



VoL 

•PHZ 



y:7y 

-/ ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 fi, tr ^ 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• High-Impedance State During Power Up 
and Power Down 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, Ta = 25°C 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Package, and Ceramic (J) 
DIPS 



SN54LVTH541, SN74LVTH541 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS682D - MARCH 1 997 - REVISED MARCH 1 99B 

SN54LVTH541 . . . J OR W PACKAGE 
SN74LVTH541 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH541 . . . FK PACKAGE 
(TOP VIEW) 




description 

These octal buffers/drivers are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

The ’LVTH541 devices are ideal for driving bus lines or buffer memory address registers. These devices feature 
inputs and outputs on opposite sides of the package that facilitate printed circuit board layout. 

The 3-state control gate is a 2-input AND gate with active-low inputs so that if either output-enable (OE1 or OE2) 
input is high, all outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc 's between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH541 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH541 is characterized for operation from — 40°C to 85°C. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA Information currant as of publication date. Products conform to 
speciftcatlons per the terms of Texas instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54LVTH541, SN74LVTH541 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 



SCBS682D - MARCH 1997 - REVISED MARCH 1998 




logic symbolt 




tjhls symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 

logic diagram (positive logic) 




To Seven Other Channels 
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SN54LVTH541, SN74LVTH541 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS682D- MARCH 1997- REVISED MARCH 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc 4 ® 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vo (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH541 96 mA 

SN74LVTH541 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH541 48 mA 

SN74LVTH541 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 0JA (see Note 3); DB package 115°CA/V 

DW package 97°C/W 

PW package 128‘’C/W 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of fhe device at these or any other conditions beyond those indicated under "recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 , The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH541 


SN74LVTH541 


UNIT 






MIN MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 3.6 




3.6 


V 


VlH 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 


Or 5.5 


5.5 


V 


Iqh 


High-level output current 


/. *24 


-32 


mA 


'OL 


Low-level output current 




64 


mA 


At/Av 


Input transition rise or fall rate 


10 


10 


nsA/ 


At/AVcc 


Power-up ramp rate 


' * 200 


200 


psA/ 


ta 


Operating free-air temperature 


-55 125 


1 -40 


85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vqq or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW information concerns products In the formative or 
design phase of deveiopmeni Characteristic data and other 
speafleations are design goals. Texas Instruments reserves the right to 
change or discontinue tit^ products without notice. 
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SN54LVTH541, SN74LVTH541 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS682D - MARCm 997- REVISED MARCH 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH541 


SN74LVTH541 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2-7V, l| = -18mA 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 I^A 


Vcc-0.2 


Vcc-0.2 


V 


Vcc = 2.7V, IOH = -8mA 


2.4 


2.4 


Vcc=3V 


lOH = -24 mA 


2 




lOH = -32 mA 




2 


VoL 


Vcc = 2.7 V 


Iql = 100 pA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


Vcc = 3 V 


Iql = 1 6 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL - 48 mA 


0.55 




IOL = 04 mA 




0.55 


■ 




Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3-6 Vi^VccorGND 


±1 


±1 


Data Inputs 


Vcc = 3-6 V 


< 

II 

< 

O 

o 


1 


1 


V| = o 


K -5 


-5 


'off 


Vcc = 0. V| or Vo = 0 to 4.5 V 




±100 


pA 


1 1 (hold) 


Data inputs 


Vcc=3V 


V| = 0.8 V 


75 


75 


|iA 


< 

II 

ro 

< 




-75 


IQZH 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


pA 


IQZL 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


pA 


tozpu 


Vcc = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE s= don’t care 


±100* 


±100 


pA 


iqzpd 


Vcc = 1 .5 V to 0, Vq = 0.5 V to 3 V, 
OE = don’t care 


±1 00* 


±100 


pA 


icc 


Vcc = 3.6 V, 

io = o, 

V| = Vcc ot GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc " 0.6 V, 
Other inputs at Vcc o*" 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


3 


3 


PF 


Co 


Vq = 3 V or 0 


7 


7 


pF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t Ail typical values are at Vqc = 3.3 V, = 25°C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqq or GND. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH541, SN74LVTH541 
3.3-V ABT OCTAL BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS682D - MARCH 1997 - REVISED MARCH 1998 



switching characteristics over recommended ranges of suppiy voitage and operating free-air 
temperature, C|_ = 50 pF (uniess otherwise noted) (see Figure 1) 









SN54LVTH541 


I SN74LVTH541 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 




Vcc = 


2.7 V 


UNIT 








MIN 


MAX 






MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 






1 


3.7 




4 


1.1 


2.4 


3.5 


3.9 


ns 


tPHL 






1 


3.7 




4 


1.1 


2.4 


3.5 


3.9 


tpZH 


OE1 orOE2 




1.4 




V 


6.3 


1.5 


3.5 


5.2 


6.2 


ns 


tpZL 




1.4 




6 


1.5 


3.7 


5.3 


5.9 


tpHZ 


OET orOE2 




1.4 


mm 


6.1 


1.5 


3.9 


5.6 


5.9 


ns 


tPLZ 




1.4 


^5.4 


5.7 


1.5 


3 


5 


5.3 



t All typical values are at Vcc = 3-3 V, T/\ = 25°C. 
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WITH 3-STATE OUTPUTS 
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PARAMETER MEASUREMENT INFORMATION 



O 6 V 





TEST 


SI 


tpHL/*PLH 

•PLZ/*PZL 

tPHZ/*PZH 


Open 
6 V 
GND 



Timing input 



Data input 




2.7 V 
OV 



2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATiON 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 







2.7 V 
0 V 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 



Output 
Waveform 2 
S1 at GND 
(see Note B) 






•PZL — ►] k— -W !♦- tpLZ 

I I I 



i y Cr 



0.3 V 



I < 'I 

<PZH k— — ►! |4- tpHZ 



■ 2.7 V 

■ 0 V 

• 3 V 
f 

VoL 






VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR< 10 MHz, Zo = 50 Q, tf^2.5 ns, tf< 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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I • State-of-the-Art Advanced BiCMOS 
I Technology (ABT) Design for 3.3-V 

I Operation and Low Static Power 

I Dissipation 

• High-Impedance State During Power Up 
and Power Down 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Latch-Up Performance Exceeds 500 mA Per 
JESD17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), Thin Shrink Small-Outline (PW), and 
Thin Very Small-Outline (DGV) Packages, 
Ceramic Chip Carriers (FK), Ceramic Flat 
(W) Package, and Ceramic (JT) DIPS 

description 

These octal transceivers are designed specifically 
for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V 
system environment. 



SN54LVTH543 . . . JT OR W PACKAGE 
SN74LVTH543 . . . DB, DGV, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH543 . . . FK PACKAGE 
(TOP VIEW) 




NC - No internal connection 



The 'LVTH543 devices contain t wo se ts of D-ty pe latches for tem porary sto rage o f data flowing in either 
direction. Separate latch-enable (LEAB or LEBA) and output-enable (OEAB or OEBA) inputs are provided for 
each register to permit independent control in either direction of data flow. 



The A -to-B enable (CEAB) input must be low to enter data from A or to output data fr om B. I f CEAB is low and 
LEAB is low, the A-to-B la tches a re transparent; a subsequent low-to-high transition of LEAB puts the A latches 
in the storage mode. With CEAB and OEAB both low, the 3-state B outputs are active a nd reflect the d ata p resent 
at the output of the A latches. Data flow from B to A is similar, but requires using the CEBA, LEBA, and OEBA 
inputs. 



Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA Information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily Include testing of ail 
parameters. 
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WITH 3-STATE OUTPUTS 
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description (continued) 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE shouid be tied to Vcc through a pullup resistor; 
the minimum vaiue of the resistor is determined by the current-sinking capabiiity of the driver. 

The SN54LVTH543 is characterized for operation over the fuil miiitary temperature range of -55°C to 125°C. 
The SN74LVTH543 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLEt 



1 INPUTS 


OUTPUT 

B 








A 


CEAB 


LEAB 


OEAB 


H 


X 


X 


X 


Z 


X 


X 


H 


X 


z 


L 


H 


L 


X 


Bo* 


L 


L 


L 


L 


L 


L 


L 


L 


H 


H 



t A-to-B data flow is shown; B-to-A flow control is the 



same except that it uses CEBA, LEBA, and OEBA. 
t Output level before the indicated steady-state 
Input conditions were established 



logic symbol§ 



OEBA 

CE^ 

lIba 

oi® 

CEAB 

LE^ 

A1 

A2 

A3 

A4 

AS 

AS 

A7 

A8 



23 



13 

11 



14 



10 





1EN3 




G1 




1C5 




2EN4 




G2 




2C6 




n 




Iv3 



6D 



5D 



4V 



22 



< i 


r 






21 






20 






19 


1 J L ^8 






17 






16 


15 





B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 



§ This symbol is in accordance with ANSI/IEEE Std 91-1 984 and lEC Publication 617-12. 
Pin numbers shown are for the DB, DGV, DW, JT, PW, and W packages. 
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logic diagram (positive logic) 



OEBA 



CEBA 



LEBA 



OEAB 



CEAB 



LEAB 



A1 




B1 



V. 



V 

To Seven Other Channels 

Pin numbers sho)wn are for the DB, DGV, DW, JT, PW. and W packages. 



absoiute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output In the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH543 96 mA 

SN74LVTH543 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH543 48 mA 

SN74LVTH543 64 mA 

Input clamp current, l|« (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0 ja (see Note 3): DB package 104°CAAf 

DGV package 1 39°C/W 

DW package 81 °C/W 

PW package 120°C/W 

Storage temperature range, Tgig -65°C to 150°C 



1 Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reiiabiiity. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current fiows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 
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recommended operating conditions (see Note 4) 





SN54LVTH543 


SN74LVTH543 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


2.7 3.6 




V 


V|H High-level input voltage 


2 ..-i 


2 


V 


V|L, Low-level input voltage 




0.8 


V 


V| Input voltage 


tL ' 5.5 


5.5 


V 


lOH High-level output current 


C -24 


-32 


mA 


Iql Low-level output current 


".i*' 48 


64 


mA 


At/Av Input transition rise or fall rate Outputs enabled 


.o'' 10 


10 


nsA/ 


At/AVcc Power-up ramp rate 


'^200 


200 


psA/ 


Ta operating free-air temperature 


-55 125 


-40 85 


»C 



NOTE 4: All unused control inputs of the device must be held at Vqq or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW information concamt producta in the formative or 
design phaee of deveiopment. Charsctorietic data and other 
ipeclficatione are design goals. Texas Instruments reserves d>e right to 
change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 









SN54LVTH543 


SN74LVTH543 


UNIT 










MIN TYPt 


MAX 


MIN TYPt 


MAX 


V|K 


Vcc = 2.7 V, 


l| =-18 mA 


-1 .2 


-1 .2 


V 






Vcc = 2.7 V to 3.6 V, 


IOH = -100|tA 


Vcc-0.2 


Vcc-0.2 




Vqh 




Vcc = 2.7 V, 


Iqh = -8 mA 


2.4 


2.4 






Vcc = 3 V 


Iqh = “24 mA 


2 










Iqh = -32 mA 




2 








Vcc = 2.7 V 


Iql = 100 pA 


0.2 


0.2 








lOL = 24 mA 


0.5 


0.5 




VqL 






Iql - 16 mA 


0.4 


0.4 






Vcc = 3 V 


Iql = 32 mA 


0.5 


0.5 








Iql = 48 mA 


0.55 












Iql - 04 mA 




0.55 






Control inputs 


Vcc = 3.6 V, 


V| = Vcc or GND 


±1 


±1 






Vcc = 0 ot 3.6 V, 


V| = 5.5 V 


-7T 


10 


10 










V| = 5.5 V 




20 


20 


pA 




A or B ports^ 


Vcc = 3.6 V 


V| = Vcc 




1 


1 










V| = 0 




-5 


-5 




•off 


Vcc = 0. 


V| or Vq = 0 to 4.5 V 




±100 


HA 


h(hold) 


A or B ports 


VCC=3V 


V| = 0.8 V 


75 


75 


pA 


V|=2V 


-75 


-75 


iqzpu 


yee = 0 to 1 .5 V. Vo = 0.5 to 3 V. 
OE = don’t care 


±100* 


±100 


pA 


toZPD 


Vcc = 1 .5 V to 0, Vo = 
OE = don’t care 


0.5 to 3 V, 


±100* 


±100 


pA 






Vcc = 3.6V, lo = 0, 
V| = Vcc Of gnd 


Outputs high 


0.19 


0.19 




'cc 




Outputs low 


5 


5 


mA 






Outputs disabled 


0.19 


0.19 




Alec® 


Vcc = 3 V to 3.6 V, One input at Vcc “ 0 ® V, 
Other inputs at Vcc O'" GND 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


PF 


Cjo 


Vo = 3VorO 


9 


9 


PF 



» On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, Ta = 25°C. 
t Unused terminals at Vcc GND 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW Information ccmcams products in the formative or 
design phase of development Characteristic data and other 
specifications are design gosis. Texas Instruments reserves the right to 
chartge or discontinue th^ products without notice. 
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timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 





SN54LVTH543 


SN74LVTH543 


UNIT 


Vcc = 3.3V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


tw Pulse duration, LEAB or LEBA low 


3.3 


3.3 


3.3 


3.3 


ns 


tgu Setup time 


A or B before 
LE^or LEBAt 


Data high 


0.4 




0.4 


0.4 


ns 


Data low 


1 




1 


1.5 


A or B before 


Data high 


0.2 




0.2 


0.2 


CEAB or CEBAT 


Data low 


0.7 


1.2 


0.7 


1.2 


th Hold time 


A or B after 


Data high 


1 -5 , 5 * 


0.6 


1.5 


0.6 


ns 


LEAB or LEBAT 


Data low 


1-3 


1.5 


1.3 


1.5 


A or B after 


Data high 


1.6 A' 


0.5 


1.6 


0.5 


CEAB or CEBAT 


Data low 


1.4 


1.6 


1.4 


1.6 



switching characteristics over recommended operating free-air temperature range, C|. = 50 pF 
(uniess otherwise noted) (see Figure 1) 









SN54LVTH543 


SN74LVTH543 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 

±0.3V 


Vcc = 2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN MAX 




tPLH 


AorB 




1.2 


3.9 


4.5 


1.3 


2.5 


3.7 


4.3 


ns 


»PHL 




1.2 


3.9 


4.5 


1.3 


2.5 


3.7 


4.3 


tPLH 


LE 


A or B 


1.2 


5.1 


6.1 


1.3 


2.9 


m 


5.9 




tPHL 


1.2 


5.1 




6.1 


1.3 


2.9 


m 


5.9 




*PZH 


OE 




1 


5.1 




6.4 


1.1 


2.9 




6.2 




tPZL 




1 5.1 


€ 


6.4 


1.1 


3.2 


4.9 


6.2 




tPHZ 


OE 


A or B 


1 .9 5.^, 


6.2 


2 


3.4 


5.3 


5.9 




tPLZ 


1.9 


Bi 


6.2 


2 


3.7 


5.3 


5.9 




tpZH 


CE 


A or B 


1.2 


^.5 


7 


1.3 


3.2 


5.3 


6.8 


ns 


tpZL 


1.2 


5.5 


7 


1.3 


3.5 


5.3 


6.8 


tPHZ 


CE 


A or B 


2.2 




6.2 


2.3 


3.8 


5.4 


5.9 


ns 


tPLZ 


2.2 


5.7 


5.9 


2.3 


3.9 


5.4 


5.6 



t All typical values are at Vqc = 3-3 V, T/\ = 25°C. 



# 
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3.3-V ABT OCTAL REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 
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PARAMETER MEASUREMENT INFORMATION 



O 6V 




TEST 


SI 


tPLH/fPHL 


Open 


•PLZ/tpZL 


6 V 


*PHZ/*PZH 


GND 



LOAD CIRCUIT 



Input 




2.7 V 
0 V 



Timing Input 



Data Input 




2.7 V 
0 V 



2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 






I I 

tpLH H 



2.7 V 
0 V 



^ ►h tpHL 



•PHL— ►! 






n 

d VoH 

\1-5V 

' VoL 

N tpLH 



~N^1.5 V 



1/ VoH 

-1.5 V 



VoL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 



Output 
Waveform 2 
SI at GND 
(see Note B) 



X' “ 



‘PZL— 



*PLZ 



I J^ ,^.h0.3v 



tpZH -X k- 



*PHZ —►I |4- 






-0.3 V 



2.7 V 
OV 

3 V 
VoL 

VoH 
-0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 Is for an output with Internal conditions such that the output Is high except when disabled by the output control. 

C. All Input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, tr < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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description 

These octal latches are designed specifically for low-voltage (3.3-V) Vcc operation, but with the capability to 
provide a TTL interface to a 5-V system environment. 

The eight latches of the ’LVTH573 devices are transparent D-type latches. While the latch-enable (LE) input 
is high, the Q outputs follow the data (D) inputs. When LE is taken low, the Q outputs are latched at the logic 
levels set up at the D inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic ievels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

OE does not affect the internal operations of the latches. Old data can be retained or new data can be entered 
while the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 



PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of ail parameters. 
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3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 
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description (continued) 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE shouid be tied to Vcc through a puiiup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH573 is characterized for operation over the fuil military temperature range of -55°C to 1 25°C. 
The SN74LVTH573 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each latch) 



INPUTS 


OUTPUT 


Of LE D 


Q 


L H H 


H 


L H L 


L 


L L X 


Qo 


H X X 


Z 



logic symbolt 




t This symbol Is in accordance with ANSI/IEEE Std 91 -1 984 and lEC Publication 617-12. 

logic diagram (positive logic) 




To Seven Other Channels 
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SN54LVTH573, SN74LVTH573 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS6870 - MAY 1 997 - REVISED APRIL 1996 



absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcc V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0-5 V 

Current into any output in the low state, Iq: SN54LVTH573 96 mA 

SN74LVTH573 128mA 

Current into any output in the high state, Iq (see Note 2); SN54LVTH573 48 mA 

SN74LVTH573 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0JA (see Note 3): DB package 115°CA/V 

DW package 97X/W 

PW package 128X/W 

Storage temperature range, Tstg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2, This current flows only when the output is in the high state and Vq > Vgc 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH573 


1 SN74LVTH573 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


Vl 


Input voltage 


5.5 


5.5 


V 


•oh 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate | 


I Outputs enabled | 


10 


10 


nsA/ 


At/AVoc 


Power-Up ramp rate 


200 


200 


[isA/ 


ta 


Operating free-air temperature 


-55 


125 


1 -40 


85 


°c 



NOTE 4: All unused control inputs of the device must be held at Vqc or GND to ensure proper device operation. Refer to the Tl application report. 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH573, SN74LVTH573 

3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS687D - MAY 1 997 - REVISED APRIL 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH573 


SN74LVTH573 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l|=-18mA 


-1 .2 


-1 .2 


V 


VOH 


VCC = 2-7 V to 3.6 V, loH = -100pA 


Vcc-0.2 


VcC-0.2 


■ 


VcC = 2.7V, IOH=-8mA 


2.4 


2.4 


> 

CO 

II 

O 

O 

> 


lOH - -24 mA 


2 




lOH = -32 mA 




2 


VOL 


Vcc = 2.7 V 


lOL = lOO ^A 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


Vcc = 3 V 


lOL = "13 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




lOL - 64 mA 




0.55 


■ 




Vcc = 0 or 3.6 V, V| = 5,5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V[ = Vcc O'" GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0. V| or Vo = 0 to 4.5 V 




±100 


pA 


h(hold) 


Data inputs 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


V| = 2V 


-75 


-75 


lOZH 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


pA 


lOZL 


Vcc = 3.6 V, Vo = 0.5 V 


-5 


-5 


pA 


lOZPU 


Vcc = 0 to 1 .5 V, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0. Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


icc 


Vcc = 3.6 V, 
io = o. 

V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc “ 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


C] 


Vi = 3 V or 0 


3 


3 


pF 


Co 


Vo = 3 V or 0 


7 


7 


pF 



*On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, T/\ = 25°C. 

t This is the increase in supply current for each Input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVTH573, SN74LVTH573 
3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS687D - MAY 1997 - REVISED APRIL 1998 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 







SN54LVTH573 


SN74LVTH573 








Vcc = 3-3 V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




tw 


Pulse duration, LE high 


3 


3 


3 


3 


ns 


tsu 




0.7 


0.6 


0.7 


0.6 


ns 


th 


Hold time, data after LEi 


1.5 


1.7 


1.5 


1.7 


ns 



switching characteristics over recommended free-air temperature, = 50 pF (unless otherwise 
noted) (see Figure 1) 









SN54LVTH573 


1 SN74LVTH573 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 




Vcc = 


2.7 V 


Vcc = 3.3 V 

±0.3V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




<PLH 






1.4 


4.1 


4.7 


1.5 


2.6 


3.9 


4.5 


ns 


•PHL 






1.4 


4.5 


4.8 


1.5 


2.9 


3.9 


4.5 


»PLH 


LE 




1 


4.4 


5.4 


1.9 


2.9 


■a 


4.9 


ns 


tpHL 




1.4 


4.4 


5.1 


1.9 


2.9 


■a 


4.9 


•PZH 


6e 




1.4 


5.2 


6.2 


1.5 


3.2 


5.1 


5.9 


ns 


•PZL 




1.4 


5.2 


6.2 


1.5 


3.9 


5.1 


5.9 


•PHZ 


OE 




1.2 


5.4 


5.7 


2 


3.5 


4.9 


5.5 


ns 


tPLZ 




1 


5.2 


5.2 


2 


3.2 


4.6 


4.9 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 
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SN54LVTH573, SN74LVTH573 

3.3-V ABT OCTAL TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS687D- MAY 1997 - REVISED APRIL 1998 

PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz. Zq = 50 U tr < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVTH574, SN74LVTH574 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS688C - MAY 1 997 - REVISED MARCH 1 998 



• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• High-Impedance State During Power Up 
and Power Down 

• Support Mixed-Mode Signai Operation (5-V 
Input and Output Voltages With 3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Latch-Up Performance Exceeds 500 mA Per 
JESD17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), and Thin Shrink Small-Outline (PW) 
Packages, Ceramic Chip Carriers (FK), 
Ceramic Flat (W) Package, and Ceramic (J) 
DIPS 



SN54LVTH574 . . . J OR W PACKAGE 
SN74LVTH574 . . . DB, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH574 . . . FK PACKAGE 
(TOP VIEW) 





description 

These octal flip-flops are designed specifically for low-voltage (3.3-V) Vcc operation, but with the capability to 
provide a TTL interface to a 5-V system environment. 

The eight flip-flops of the ’LVTH574 devices are edge-triggered D-type flip-flops. On the positive transition of 
the clock (CLK) input, the Q outputs are set to the logic levels set up at the data (D) inputs. 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

OE does not affect the internal operations of the flip-flops. Old data can be retained or new data can be entered 
while the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 



PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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SN54LVTH574, SN74LVTH574 

3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS6B8C- MAY 1997 -REVISED MARCH 1998 

description (continued) 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE shouid be tied to V^c through a puliup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH574 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH574 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 


OE CLK D 


Q 


L T H 


H 


L T L 


L 


L H or L X 


Qo 


H X X 


z 



logic symbolt 




tThis symbol is in accordance with ANSi/IEEE Std 91-1984 and iEC Pubiication 617-12. 

logic diagram (positive logic) 




To Seven Other Channels 
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SN54LVTH574, SN74LVTH574 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS688C- MAY 1997 - REVISED MARCH 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqq ® ^ ® 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vqc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH574 96 mA 

SN74LVTH574 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH574 48 mA 

SN74LVTH574 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 9 ja (see Note 3): DB package 115°CA/V 

DW package 97°CAW 

PW package 1 28°C/W 

Storage temperature range, Tgtg -65°C to 1 50°C 



f Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > VcC- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 









SN54LVTH574 


SN74LVTH574 


UNIT 








MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 






3.6 




3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


Iqh 


High-level output current 




-24 


-32 


mA 


'OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


1 Outputs enabled 


10 


10 


nsA7 


At/AVcC 


Power-up ramp rate 




200 


200 


ps/V 


ta 


Operating free-air temperature 




-55 


125 


-40 


85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vcc GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH574, SN74LVTH574 

3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS688C - MAY 1997 - REVISED MARCH 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH574 


SN74LVTH574 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, IqH = -1 0° pA 


VcC-0.2 


Vcc-0.2 


V 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc = 3V 


|Qj_j = -24 mA 


2 




Iqh = -32 mA 




2 


vql 


Vcc = 2.7 V 


iOL = 100 pA 


0.2 


0.2 


V 


Iql - 24 mA 


0.5 


0.5 


Vcc=3V 


lOL - 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


Iql = ^6 mA 


0.55 




lOL = 6'^ 




0.55 


■ 




Vcc = 0 ot 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = VccorGND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


Data inputs 


VCC = 3V 


V| = 0.8 V 


75 


75 


pA 


V|=2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


pA 


bZL 


Vcc = 3.6 V, Vo = 0.5 V 


-5 


-5 


PA 


lOZPU 


Vcc = 0 to 1 .5 V, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


Ice 


Vcc = 3.6 V, 
io = o, 

V| = Vcc Of GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc ” 0-6 V, 
Other inputs at Vcc o'" GND 


0.2 


0.2 


mA 


Ci 


V| = 3VorO 


3 


3 


PF 


Co 


Vo = 3VorO 


7 


7 


pF 



’ On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, T/\ = 25°C. 

+ This is the increase in supply current for each input that Is at the specified TTL voltage level rather than Vc<^ or GND. 
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SN54LVTH574, SN74LVTH574 
3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS688C - MAY 1997-REVISEDMARCH1998 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 





SN54LVTH574 


SN74LVTH574 


UNIT 




Vcc = 2-7 V 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


*clock Clock frequency 


150 


150 


150 


150 


MHz 


tw Pulse duration, CLK high or low 


3.3 


3.3 


3.3 


3.3 


ns 




2 


2.4 


2 


2.4 


ns 


th Hold time, data after CLKT 


0.9 


0.9 


0.3 


0 


ns 



switching characteristics over recommended free-air temperature, Cl = 50 pF (unless otherwise 
noted) (see Figure 1) 









SN54LVTH574 


SN74LVTH574 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 

±0.3 V 


Vcc = 


2.7 V 


Vcc = 3-3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




HUH 






150 


150 


150 


150 


MHz 


tPLH 


r'l it 


r\ 


1.7 


4.9 


5.9 


1.8 


3 




5.3 


ns 


tPHL 


L>LI\ 


\J 


1.7 


4.9 


5.5 


1.8 


3 


IS 


5.3 


tPZH 


OE 


r\ 


1.4 


5.1 


6.5 


1.5 


3.2 


4.8 


5.9 


ns 


*PZL 


KJ 


1.4 


5.1 


6.1 


1.5 


3.5 


4.8 


5.9 


tPHZ 




r\ 


1 


5.9 


6.4 


2 


3.5 


4.8 


5.1 


ns 


•PLZ 




0.8 


4.8 


5.3 


2 


3.2 


IS 


4.4 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 
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SN54LVTH574, SN74LVTH574 

3.3-V ABT OCTAL EDGE-TRIGGERED D-TYPE FLIP-FLOPS 
WITH 3-STATE OUTPUTS 

SCBS688C - MAY 1997 - REVISED MARCH 1996 

PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 




Output V-5V /1.5V 

' ^ VoL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 

Output 
Waveform 2 
SI at GND 
(see Note B) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A, 

B. 

C. 

D. 



Ct. includes probe and jig capacitance. 

Waveform 1 is for an output with intemai conditions such that the output is iow except when disabied by the output controi. 
Waveform 2 is for an output with intemai conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zq = 50 £i tr S 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVTH646, SN74LVTH646 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS705C - AUGUST 1 997 - REVISED APRIL 1 998 



I • State-of-the-Art Advanced BiCMOS 
I Technology (ABT) Design for 3.3-V 

I Operation and Low Static Power 

I Dissipation 

I • High-Impedance State During Power Up 
and Power Down 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Typical Voi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), Thin Shrink Small-Outline (PW), and 
Thin Very Small-Outline (DGV) Packages, 
Ceramic Chip Carriers (FK), Ceramic Flat 
(W) Package, and Ceramic (JT) DIPs 

description 



SN54LVTH646 . . . JT OR W PACKAGE 
SN74LVTH646 . . . DB, DGV, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH646 . . . FK PACKAGE 
(TOP VIEW) 




These bus transceivers and registers are 
designed specifically for low-voltage (3.3-V) Vcc 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 



NC - No internal connection 



The ’LVTH646 devices consist of bus transceiver circuits, D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the input bus or from the internal registers. Data on the A or B 
bus is clocked into the registers on the low-to-high transition of the appropriate clock (CLKAB or CLKBA) input. 
Figure 1 illustrates the four fundamental bus-managementfunctions that can be performed with the 'LVTH646. 



Output-enable (OE) and direction-control (DIR) inputs are provided to control the transceiver functions. In the 
transceiver mode, data present at the high-impedance port can be stored in either register or in both. 



The select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data . The 
direction control (DIR) determines which bus receives data when OE is low. In the isolation mode (OE high), 
A data can be stored in one register and/or B data can be stored in the other register. 
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description (continued) 

When an output function is disabled, the input function is still enabled and can be used to store and transmit 
data. Only one of the two buses, A or B, can be driven at a time. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH646 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH646 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



I INPUTS 


DATA I/Os 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1-A8 


B1-B8 


X 


X 


T 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


input 


Store B, A unspecifiedt 


H 


X 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


H or L 


H or L 


X 


X 


input disabled 


input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Input 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


L 


H 


H or L 


X 


H 


X 


Input 


Output 


stored A data to B bus 



t The data-output functions can be enabled or disabled by various signals at OE and DIR. Dafa-input functions are always enabled; i.e., data at 
the bus terminals is stored on every low-to-high transition of the clock inputs. 
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21 3 1 23 2 22 

OE DIR CLKAB CLKBA SAB SBA 

L L X X X L 

REAL-TIME TRANSFER 
BUS B TO BUS A 




21 

OE 

X 

X 

H 



3 1 23 2 22 

DIR CLKAB CLKBA SAB SBA 

X t X X X 

X X T X X 

X T T X X 



STORAGE FROM 
A, B, OR A AND B 



Pin numbers shown are for the DB, DGV, DW, JT, PW, and W packages. 




21 3 1 23 2 22 

OE DIR CLKAB CLKBA SAB SBA 

L H X X L X 

REAL-TIME TRANSFER 
BUS A TO BUS B 




21 

OE 

L 

L 



3 1 23 2 22 

DIR CLKAB CLKBA SAB SBA 

LX L X H 

H L X H X 

TRANSFER STORED DATA 
TO A AND/OR B 



Figure 1. Bus-Management Functions 
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logic symbolt 



21 

OE 

3 

DIR 






CLKBA 

SBA 

CLKAB 

SAB 

A1 



A2 

A3 

A4 

AS 

A6 

A7 

A8 



23 



22 



10 



G3 

3 EN1 [BA] 
3 EN2 [AB] 
[>C4 
G5 

>C6 

G7 



4_ ^ 


>1 


5 4D 






V 1 


5 1 






6D 7 


>1 

2V 


5 


1 7 



20 

' ^ f ^ ► 



19 

18 



17 

16 



15 

14 



13 



B1 



B2 

B3 

B4 

B5 

B6 

B7 

B8 



t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and lEC Publication 61 7-1 2. 
Pin numbers shown are for the DB, DGV, DW, JT, PW, and W packages. 
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B1 
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcc “0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to V^c 0.5 V 

Current into any output in the iow state, Iq: SN54LVTH646 96 mA 

SN74LVTH646 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH646 48 mA 

SN74LVTH646 64 mA 

Input clamp current, l|(< (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 0JA (see Note 3): DB package 104°CA/V 

DGV package 1 39°CA/V 

DW package 81°CA/V 

PW package 1 20°C/W 

Storage temperature range, Tg^g -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings oniy, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES; 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 





SN54LVTH646 


SN74LVTH646 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


V|H High-level input voltage 


2 


2 


V 


V||_ Low-level input voltage 


0.8 


0.8 


V 


V| Input voltage 


5.5 


5.5 


V 


Iqh High-level output current 


-24 


-32 


mA 


Iql Low-level output current 


48 


64 


mA 


At/Av Input transition rise or fall rate | Outputs enabled 


10 


10 


nsA/ 


At/AVcc Power-up ramp rate 


200 


200 


|isA/ 


T/\ Operating free-air temperature 


-55 125 


^0 85 


”C 



NOTE 4: All unused control inputs of the device must be held at Vcc o'" C3ND to ensure proper device operation. Referto the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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electrical characteristics over recommended operating free-air temperature range (uniess 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH646 


SN74LVTH646 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1 .2 


-1 .2 


V 






Vcc = 2.7 V to 3.6 V, IOH = -100pA 


VcC-0.2 


VcC-0.2 


V 




Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 




Vcc = 3 V 


Iqh = “24 mA 


2 




Iqh = “32 mA 




2 


VOL 




Vcc = 2.7 V 


|qI_ = 100 )iA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


Vcc = 3 V 


IOL= 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




Iql = 64 mA 




0.55 


l| 


Control inputs 


Vcc = 3.6 V, V| = Vcc or GND 


±1 


±1 


pA 


Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


A or B ports^ 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 3, V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


A or B ports 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


< 

II 

ro 

< 


-75 


-75 


lOZPU 


Vcc = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vcc = 1 .5 V to 0, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


icc 


Vcc = 3.6 V, ‘0 = 0. 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec® 


Vcc = 3 V to 3.6 V, One input at Vcc “ 0-6 V, 
Other inputs at Vcc of GND 


0.2 


0.2 


mA 


Ci 


V| = 3VorO 


4 


4 


PF 


Cjo 


Vq = 3 V or 0 


9 


9 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3.3 V, = 25®C. 
t Unused terminals at V^c or GND 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 2) 





SN54LVTH646 


SN74LVTH646 


UNIT 




Vcc = 2.7 V 


Vcc = 3.3 V 
+ 0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


^clock Clock frequency 


150 


150 


150 


150 


MHz 


! 

i 

I 


3.3 


3.3 


3.3 


3.3 


ns 


Setup time, 

A or B before CLKABT or CLKBAT 




1.3 


1.6 


1.2 


1.5 


ns 


Data low 


1.9 


2.6 


1.6 


2.2 


th Hold time, A or B after CLKABt or CLKBAT 


1.2 


1.2 


0.8 


0.8 


ns 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 2) 









SN54LVTH646 


SN74LVTH646 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 

±0.3 V 


Vcc = 2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN MAX 










150 


150 


150 


150 


MHz 


tPLH 


CLKBA or 


A or B 


1 


5 


5.9 


1.8 


3.1 


4.7 


5.6 


ns 


tpHL 


CLKAB 


1.5 


5 


5.9 


1.8 


3.1 


4.7 


5.6 


tPLH 


AorB 


Bor A 


1.1 


4.9 


5.6 


1.3 


2.3 


3.5 


4.1 


ns 


tPHL 


1.2 


4.8 


5 


1.3 


2.4 


3.5 


4.1 


tPLH 


SBA or SABt 


AorB 


1.1 


5.3 


6.3 


1.5 


3 


4.9 


6 


ns 


tPHL 


1.3 


5.3 


6.3 


1.5 


3.3 


10 


6 


tpZH 


OE 


A or B 


1 


5.4 


6.7 


1.1 


3.1 


5.2 


6.5 


ns 


tpZL 


1 


5.6 


6.7 


1.1 


3.4 


5.2 


6.5 


•PHZ 


OE 


A or B 


1.7 


6 


6.5 


2.3 


3.9 


5.5 


6.1 


ns 


•PLZ 


2.2 


6.3 


6.5 


2.3 


4 


5.5 


5.9 


tpZH 


DIR 


A or B 


1.2 


5.6 


6.8 


1.3 


3.4 


5.2 


6.6 


ns 


tpZL 


1.2 


5.7 


6.8 


1.3 


3.6 


5.2 


6.6 


tPHZ 


DIR 


A or B 


1.1 


5.8 


6.9 


1.5 


3.2 


5.6 


6.7 


ns 


*PLZ 


1.4 


6.1 


6.6 


1.5 


3.8 


5.6 


6.3 



t All typical values are at Vcc = 3-3 V, T/^ = 25°C. 

t These parameters are measured with the Internal output state of the storage register opposite that of the bus input. 
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PARAMETER MEASUREMENT INFORMATION 



O 6V 




TEST 


SI 


•PLHrtpHL 


Open 


‘PLZ/tpZL 


6 V 


tPHZ/*PZH 


GND 



LOAD CIRCUIT 




Timing Input 



Data Input 




2.7 V 
0 V 

2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 






1.5 V 



tPLH -!♦ 



‘PHL— !♦ 




I , 

1^ ►}— tpHL 




►{- tpLH 




2.7 V 
0 V 

VOH 

VOL 

VOH 

VoL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 



Output 
Waveform 2 
SI at GND 
(see Note B) 



X’ ” X ' 



1.5 V 



*PZL- 



tpLZ 






0.3 V. 



<P2H— ►! 



I *PHZ • 



2.7 V 
0 V 

3 V 
VoL 

VOH 



^OH-0.3V OH 
=0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All Input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 Q, tr ^ 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 2. Load Circuit and Voltage Waveforms 
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I • State-of-the-Art Advanced BiCMOS 
I Technology (ABT) Design for 3.3-V 
I Operation and Low Static Power 
Dissipation 

^ • High-Impedance State During Power Up 
and Power Down 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), Thin Shrink Small-Outline (PW), and 
Thin Very Small-Outline (DGV) Packages, 
Ceramic Chip Carriers (FK), Ceramic Flat 
(W) Package, and Ceramic (JT) DIPs 

description 

These bus transceivers and registers are 
designed specifically for low-voltage (3.3-V) Vcc 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 



SN54LVTH652 . . . JT OR W PACKAGE 
SN74LVTH652 . . . DB, DGV, DW, OR PW PACKAGE 
(TOP VIEW) 




SN54LVTH652 . . . FK PACKAGE 
(TOP VIEW) 




O 

NC - No internal connection 



The ’LVTH652 devices consist of bus-transceiver circuits, D-type flip-flops, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal storage registers. 



Output-enable (OEAB and OEBA) inputs are provided to control the transceiver functions. Select-control (SAB 
and SBA) inputs are provided to select whether real-time or stored data is transferred. The circuitry used for 
select control eliminates the typical decoding glitch that occurs in a multiplexer during the transition between 
real-time and stored data. A low input selects real-time data and a high input selects stored data. Figure 1 
illustrates the four fundamental bus-management functions that can be performed with the ’LVTH652 devices. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA infonnation current as of pubilcation date. Products conform to 
spscificstions per the terms of Texas instruments standard warranty. 
Production processing does not neeessarity Incfude testing of all 
parameters. 
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description (continued) 

Data on the A or B data bus, or both, can be stored in the internal D-type flip-flops by low-to-high transitions at 
the appropriate clock (CLKAB or CLKBA) inputs, regardless of the select- or enable-control pins. When SAB 
and SBA are in the real-time transfer m ode, it is possible to store data without using the internal D-type flip-flops 
by simultaneously enabling OEAB and OEBA. In this configuration, each output reinforces its input; therefore, 
when all other data sources to the two sets of bus lines are at high impedance, each set of bus lines remains 
at its last state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor 
and OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sinking/current-sourcing capability of the driver. 

The SN54LVTH652 is characterized for operation over the full military temperature range of -55°C to 125°C. 
The SN74LVTH652 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA l/Ot 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1-A8 


eo 

ffl 

1 

s 


■■ 




H or L 


H or L 


X 


X 


Input 




Isolation 


■■ 




T 


T 


X 


X 


Input 




Store A and B data 


X 


H 


T 


H or L 


X 


X 


Input 


Unspecified^ 


Store A, hold B 


H 


H 


T 


t 


x4 


X 


Input 


Output 


store A in both registers 


u 


X 


H or L 


T 


X 


X 






Hold A, store B 


L 


L 


T 


T 


X 


xt 






Store B in both registers 


L 


L 


X 


X 


X 


L 






Real-time B data to A bus 


L 


L 


X 


H or L 


X 


H 






Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B bus 


H 


H 


H orL 


X 


H 


X 


Input 


Output 


Stored A data to B bus 


H 


L 


H or L 


H or L 


H 


H 


Output 


Output 


Stored A data to B bus and 
stored B data to A bus 



t The data-output functions can be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data-input functions always are 
enabled; i.e., data at the bus terminals is stored on every low-to-high transition of the clock inputs. 
t Select control = L; clocks can occur simultaneously. 

Select control = H; clocks must be staggered to load both registers. 
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3 21 1 23 2 22 3 21 1 23 2 22 



OEAB OEBA CLKAB CLKBA SAB 
L L X X X 



OEAB OEBA CLKAB CLKBA SAB SBA 

H H X X L X 



REAL-TIME TRANSFER 
BUS B TO BUS A 



REAL-TIME TRANSFER 
BUS A TO BUS B 



r j I — I 



liSi 



1 ^ II I 



OEAB 


OEBA CLKAB CLKBA SAB 


SBA 


OEAB OEBA CLKAB CLKBA 


SAB 


X 


H T X X 


X 


H L HorL H or L 


H 


L 


X X T X 


X 






L 


H T T X 


X 


TRANSFER STORED DATA 








TO A AND/OR B 






STORAGE FROM 
A, B, OR A AND B 








Pin numbers shown are for the DB, DGV, DW, JT, PW, and W packages. 








Figure 1 


. Bus-Management Functions 
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logic symbolt 



OEBA 

OEAB 

CLKBA 

SBA 

CLKAB 

SAB 



21 



23 



22 



A2 

A3 

A4 

AS 

A6 

A7 

A8 



10 

11 






EN1 [BA] 
EN2 [AB] 

> C4 
G5 

> C6 
G7 





HI 




SB 




HE 





20 



19 

18 



17 

16 



15 

14 



13 



B1 



B2 

B3 

B4 

B5 

B6 

B7 

B8 



tjhis symbol is in accordance with ANSI/IEEE Std 91-1984 and iEC Publication 617-12. 
Pin numbers shown are for the DB, DGV, DW, JT, PW, and W packages. 
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logic diagram (positive logic) 



OEBA 



OEAB 



SAB 



A1 




To Seven Other Channels 

Pin numbers shown are for the DB, DGV, DW, JT, PW, and W packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the hIgh-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vqc + 0-5 V 

Current into any output in the low state, Iq: SN54LVTH652 96 mA 

SN74LVTH652 128 mA 

Current into any output in the high state, Iq (see Note 2); SN54LVTH652 48 mA 

SN74LVTH652 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0 ja (see Note 3): DB package 104°CAAf 

DGV package 1 39°CA/V 

DW package 81°CM 

PW package 120°CA/V 

Storage temperature range, Tgig -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those ihdicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded If the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc. 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH652 


SN74LVTH652 


UNIT 






MIN MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 




2 


V 


V|L 


Low-level input voltage 




0.8 


V 


V| 


Input voltage 


■HI 




5.5 


V 


'OH 


High-level output current 


A' 




-24 


-32 


mA 


Iql 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 




10 


10 


ns/V 


At/AVcc 


Power-up ramp rate 


""" 200 


200 


ps/V 


Ta 


Operating free-air temperature 


-55 


125 


-40 


85 


“C 



NOTE 4: All unused control inputs of the device must be held at Vc(;j or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas instruments reserves the right to 
change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH652 


SN74LVTH652 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2-7 V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3,6 V, Iqh = “1 0° pA 


Vcc-0-2 


VcC-0-2 


V 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc=3V 


Iqh - "24 mA 


2 




Iqh = -32 mA 




2 


VOL 


Vcc = 2.7 V 


Iql = mA 


0.2 


0.2 


V 


Iql == 24 mA 


0.5 


0.5 


< 

o 

o 

II 

CO 

< 


Iql = 1 6 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




Iql = ff’A 




0.55 


1 


Control inputs 


Vcc = 3.6 V, V| = Vcc Of GND 




±1 


pA 


Vcc = 0 or 3.6 V, V| = 5.5 V 


C ' 10 


10 


A or B portsf 


Vcc = 3.6 V 


V| = 5.5 V 


K 20 


20 


V| = Vcc 


1 


1 


V| = 0 


9 -5 


-5 


loff 


Vcc = 0. V| or Vo = 0 to 4.5 V 




±100 


pA 


h(hold) 


A or B ports 


Vcc=3V 


V| = 0.8 V 


75 


75 


pA 


Vi = 2 V 


-75 


-75 


lOZPU 


Vcc = 0 to 1 -5 V, Vq = 0.5 to 3 V, 
OE/OE = don't care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 -5 V to 0. Vq = 0.5 to 3 V, 
OE/OE = don’t care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6 V, iQ = 0 , 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec® 


Vcc = 3 V to 3.6 V, One input at Vcc “ 0.6 V, 
Other inputs at Vcc 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


PF 


Cio 


Vo = 3VorO 


9 


9 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at V(;jc - 3-3 V, = 25®C. 
t Unused terminals at Vqc of GND 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development. Characteristic data and other 
specmcetlons are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) 





SN54LVTH652 


SN74LVTH652 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


MIN MAX 


MIN 


MAX 


MIN MAX 


MIN 


MAX 


^clock 


Clock frequency 




150 


150 


150 


150 


MHz 








3.3 


< :3-3 


3.3 


3.3 


ns 




Setup time, 


Data high 


CO 


- 1.6 


1.2 


1.5 


ns 


^SU 


A or B before CLKABt or CLKBAT 


Data low 


1.9 


' 2.6 


1.6 


2.2 


th 


Hold time, A or B after CLKABT or CLKBAT 


1.2 


1.2 


0.8 


0.8 


ns 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH652 


SN74LVTH652 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 




Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


*max 






150 


150 


150 


150 


MHz 


tpLH 


CLKBA or 
CLKAB 


A or B 


1.7 5 


5.9 




5.6 


ns 


*PHL 


1.7 5 


5.9 


1.8 3.1 4.7 


5.6 


*PLH 


A or B 


B or A 


1.2 3.7 


4.3 


1.3 2.3 3.5 


4.1 


ns 


tPHL 


1.2 3.7 


4.3 


1.3 2.4 3.5 


4.1 


<PLH 


SBA or SAB* 


A or B 


1.4 5.2 


6.3 


1.5 3.1 4.9 


6 


ns 


tPHL 


1.4 5.2 


6.3 


1.5 3.4 4.9 


6 


tpZH 


OEBA 


A 


1 5.4 


6.7 


1.1 2.9 5.2 


6.5 


ns 


tpZL 


1 5.4 


6.7 


1.1 3.1 5.2 


6.5 


tPHZ 


OEBA 


A 


2.2 ,:,5.9 


6.5 


2.3 3.5 5.5 


6.1 


ns 


tpLZ 


2.2 ' 5.9 


6.3 


2.3 3.7 5.5 


5.9 


tpZH 


OEAB 


B 


1.2 4.9 


5.9 


■OHBa 


5.7 


ns 


tpZL 


1.2 4.9 


5.9 


mhmKmmu 


5.7 


<PHZ 


OEAB 


B 


1.4 5.8 


7 


1.5 3.6 5.6 


6.7 


ns 


tpLZ 


1.4 5.9 


6.6 


1.5 3.7 5.6 


6.3 



t All typical values are at Vqc = 3-3 V, Ta = 25°C. 

t These parameters are measured with the internal output state of the storage register opposite that of the bus input. 



PRODUCT PREVIEW information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



500 0 

-^VW- 



500 0 



O 6V 
O Open 
O GND 



LOAD CIRCUIT 



Timing Input 



Input 





2.7 V 
OV 



Data Input 



TEST 


SI 


*PLH/tPHL 


Open 


tPLZ/*PZL 


6V 


•PHZ/*PZH 


GND 




2.7 V 
0 V 



2.7 V 
OV 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 



Output 
Waveform 2 
SI at GND 
(see Note B) 



X’-’" 



•PZL- 



*PZH- 



tPLZ ■ 






2.7 V 
■ OV 

3 V 



- VoL 



•PHZ — f<— 



^OH-0-3v ''° 



VOH 
V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £J, t,- < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 2. Load Circuit and Voitage Waveforms 
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State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

High-Impedance State During Power Up 
and Power Down 

Bus-Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

Support Unregulated Battery Operation 
Down to 2.7 V 

Power Off Disables Outputs, Permitting 
Live Insertion 

Typical Voi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 
Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 
Package Options Include Plastic 
Small-Outline (DW), Shrink Small-Outline 
(DB), Thin Shrink Small-Outline (PW), and 
Thin Very Small-Outline (DGV) Packages, 
Ceramic Chip Carriers (FK), and Ceramic 
(JT) DIPS 



These octal bus transceivers and registers are 
designed specifically for low-voltage (3.3-V) Vcc 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 



SN54LVTH2952 . . . JT PACKAGE 
SN74LVTH2952 . . . DB, DGV, DW, OR PW PACKAGE 
(TOP VIEW) 



B8 

B7 

B6 

B5 

B4 

B3 

B2 

B1 

OEM 

CLKAB 

CLKENAB 

GND 



7^ 


24 ] 


2 


23 ] 


3 


22 ] 


4 


21 ] 


5 


20 ] 


6 


19 ] 


7 


18] 


8 


17] 


9 


16 ] 


10 


15] 


11 


14] 


12 


13] 



Vcc 

A8 

A7 

A6 

A5 

A4 

A3 

A2 

At 

OEBA 

CLKBA 

CLKENBA 



SN54LVTH29S2 . . . FK PACKAGE 
(TOP VIEW) 

<o r-. CO O 0 00 1-- 
OQ CO CQ Z > < < 



1 28 27 26 

25 r 



12 13 14 15 16 17 18 

I i-n— ii^rni-ir-ir-1 

CO CD Q O < < < 

< < Z Z CD CD CO 

n: z O z it: UJ 

—I LU UJ — ) O 

_j _i 

o o 

NC - No internal connection 



The ’LVTH2952 devices consist of two 8-bit back-to-back registers that store data flowing in both directions 
between two bidirectional buses. Data on the A or B bus is stored in th e registers o n t he low-to-h igh transition 
of the clock (CLKAB or C LKBA) inp ut, pro vided that the clock-enable (CLKENAB or CLKENBA) input is low. 
Taking the output-enable (OEAB or OEBA) input low accesses the data on either port. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 



UNLESS OTHERWISE NOTED WH docuiiwnt cntalns PRODUCTION 
DATA infonnatk>n current as of publication date. Products conform to 
specifications per the rerms of Texas instruments standard «rarr»)ty. 
Production processing does not neceesarfty include testing of all 
parameters. 
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description (continued) 

The SN54LVTH2952 is characterized for operation over the fuii miiitary temperature range of -55°C to 1 25°C. 
The SN74LVTH2952 is characterized for operation from -40°C to 85“C. 



FUNCTION TABLEt 



I INPUTS 


OUTPUT 

B 


CLKENAB 


CLKAB 


OEAB 


A 


H 


X 


L 


X 


Bo* 


X 


H or L 


L 


X 


Bo* 


L 


T 


L 


L 


L 


L 


T 


L 


H 


H 


X 


X 


H 


X 


Z 



t A-to-B data flow is shown; B-to-A data flow Is similar 



but uses CLKENBA, CLKBA, and OEBA. 
t Level of B before the indicated steady-state input 
conditions were established 



iogic symboi§ 



OEBA 

CLKENBA 

CLKBA 

OEAB 

CLKENAB 

CLKAB 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 



IS 



13 



14 



11 



10 



16 



17 

18 



19 



21 

22 



23 



-N 









EN3 

G1 

t> 1 CS 
EN4 
G2 

> 2C6 



-f— <- 



I V3 
60 



SO 

~4V 



* 






B1 

B2 

B3 

B4 

BS 

B6 

B7 

B8 



§This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
Pin numbers shown are for the DB, DGV, DW, JT, and PW packages. 
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcc ~0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0-5 V 

Current into any output in the low state, Iq: SN54LVTH2952 96 mA 

SN74LVTH2952 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH2952 48 mA 

SN74LVTH2952 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 9 ja (see Note 3): DB package 104°CA/V 

DGV package 139°C/W 

DW package 81 °C/\N 

PW package 120°C/W 

Storage temperature range, Tgig -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vqc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH2952 


1 SN74LVTH2952 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


6.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


IQH 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate | 


1 Outputs enabled | 




10 


10 


nsA^ 


At/AVcc 


Power-up ramp rate 


'€200 


200 


gsA/ 


Ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°c 



NOTE 4: All unused control inputs of the device must be held at Vcc o'" GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREViEW information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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electrical characteristics over recommended operating free-air temperature range (uniess 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH2952 


SN74LVTH2952 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2-7V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


VeC = 2.7 V to 3.6 V, Ioh=-100hA 


Vcc-O-2 


Vcc-O-2 


V 


Vcc = 2.7V, IOH=-8mA 


2.4 


2.4 


Vec = 3 V 


Iqh = ”24 mA 


2 




IQH = -32 mA 




2 


VoL 


Vec = 2.7 V 


lOL = 100 ^iA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


Vec = 3 V 


IOL= 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




Iql = ®4 mA 




0.55 


l| 


Control inputs 


Vec = 3.6 V, V| = Vec ot GND 


+1 


±1 


pA 


Vcc = 0or3.6V. V| = 5.5 V 


10 


10 


A or B portst 


Vcc = 3.6V 


V| = 5.5 V 


^ 20 


20 


V| = Vcc 


^ T 


1 


O 

il 

> 


-5 


-5 


'off 


VeC = O' V) or Vq = 0 to 4.5 V 




±100 


pA 


h(hold) 


A or B ports 


Vec = 3 V 


Vi = 0.8 V 


75 


75 


pA 


> 

CO 

II 

> 


-75 


-75 


Iqzpu 


Vcc = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0, Vq = 0.5 V to 3 V, 
OE = don't care 


±100* 


±100 


pA 


Ice 


Vcc = 3.6 V, Iq = 0 , 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec® 


Vcc = 3 V to 3.6 V, One input at Vcc ” 0 ® V, 
Other inputs at Vcc O'" GND 


0.2 


0.2 


mA 


C| 


V| = 3VorO 


4 


4 


pF 


Cjo 


Vq = 3 V or 0 


9 


9 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqq = 3.3 V, Tj\ = 25®C. 

+ Unused terminals at Vqc GND 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqq or GND. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development. Characteriatic data and other 
specifications are design goals. Texas Instruments reserves the right to 
cnange or discontinue these products without notice. 
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SN54LVTH2952, SN74LVTH2952 

3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS71 PC - OCTOBER 1 997 - REVISED APRIL 1 998 



timing requirement over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1 ) 





SN54LVTH2952 


SN74LVTH2952 


UNIT 


Vcc = 3-3V 
±0.3 V 


Vcc = 2-7V 


Vcc = 3.3 v 

±0.3V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


150 


150 


150 


150 


MHz 


tyv Pulse duration 


CLK high 


3.3 


*3 


3.3 


3.3 


ns 


CLK low 


3.3 


33 


3.3 


3.3 


tsu Setup time 


A or B before CLKt 


Data high 


1,6 


2.2 


1.5 


2.1 


ns 


Data low 


1.6 ^ : 


2.2 


1.5 


2.1 


CE before CLKT 


Data high 


1 .6 


1.9 


1.5 


1.8 


Data low 


2 


2.6 


1.9 


2.5 


th Hold time 


A or B after CLKt 


1 


0.2 


1 


0.2 


ns 


CE after CLKT 


1.2 


0.2 


1.2 


0.2 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH2952 


SN74LVTH2952 


UNIT 


Vcc = 3.3 v 

±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 








150 




150 


150 


MHz 


tPLH 


CLKBA or 
CLKAB 


A or B 


1.2 4.8 


5-5 


1.3 2.9 4.6 


5.3 


ns 


tPHL 


1.2 4.8 


5.5 


1.3 3.1 4.6 


5.3 


tpZH 


OEBA or OEAB 


A or B 


1 4.8 


5.9 


1.1 2.6 4.6 


5.8 


ns 


*PZL 


1 4jS' 


5.9 


1 

1 


5.8 


fPHZ 




A or B 


1.2 ^ 5.6 


6 


1.3 3.6 5.4 


5.9 


ns 


fPLZ 




1.5 5.4 


5.6 


1.6 3.6 5.1 


5.3 



t All typical values are at T/\ = 25°C. 



PRODUCT PREVIEW information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH2952, SN74LVTH2952 
3.3-V ABT OCTAL BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS71 OC - OCTOBER 1997- REVISED APRIL 1998 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50 pF 
(see Note A) 



soon 

-AAA^ 



SI 



o6V 
O Open 
QGND 



500Q 



LOAD CIRCUIT FOR OUTPUTS 



Input 1.5 






VOLTAGE WAVEFORMS 
PULSE DURATION 



Input 






tpLH — H 



Output 



1.5V 



rt K— tpHL 

1.5 V 



tPHL^< H 



K ►•-‘PLH 



Output 



~\ ^1.5V 



M.5V 





Timing Input 


— 2.7 V 


Data Input 


— 0 V 




2.7 V 


Output 


0 V 


Control 


VOH 


Output 
Waveform 1 




SI at 6 V 


VOL 


(see Note B) 


VOH 


Output 


Waveform 2 




SI at GND 


VOL 


(see Note B) 



TEST 


SI 


tpLH/‘PHL 


Open 


tPLZ/tpZL 


6V 


*PHZ/*PZH 


GND 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 






f 2.7 V 

1.5V 


*PZL— 


rt- i 




1 


tpLZ-pJ 


k- 


1 > 

1 


V 1 

V'" 1 


_£Vol + 0.3V 


1 

1 


1 

i tpHZ — ►! 


»OL 


*PZH— Pj 








^1.5V 


"^OH-0.3v''°” 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, tr < 2.5 ns, tf £ 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BICMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live insertion 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 380-mii 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 



SN54LVTH16240, SN74LVTH16240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS684B - MARCH 1 997 - REVISED MARCH 1998 




description 

These 16-bit buffers/drivers are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

The ’LVTH16240 devices are designed specifically to Improve both the performance and density of 3-state 
memory address drivers, clock drivers, and bus-oriented receivers and transmitters. 

The devices can be used as four 4-bit buffers, two 8-bit buffers, or one 16-bit buffer. The devices provide 
inverting outputs and symmetrical active-low output-enable (OE) inputs. 



Wi(jebus is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 



POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 
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SN54LVTH16240, SN74LVTH16240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS684B - MARCH 1 997 - REVISED MARCH 1998 



description (continued) 

When Vqq is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vqc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH 1 6240 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH16240 is characterized for operation from -40°C to 85°C. 



FUNCTtON TABLE 
(each 4-bit buffer) 



1 INPUTS 


OUTPUT 

Y 


OE 


A 


L 


H 


L 


L 


L 


H 


H 


X 


Z 



logic symbolt 



i6I 

20E 

30E 

4dl 


1 


K 


EN1 

EN2 

EN3 

EN4 

h 












48 


N. 












25 


r\ 












24 


K 












47 






r 








1A1 






1 


1 V 






1Y1 


46 










1A2 










\ 




1Y2 


44 














1A3 














1Y3 


43 












6 


1A4 












1Y4 


41 












8 


2A1 






1 


2 V 


\ 


2Y1 


40 








9 


2A2 










\ 


2Y2 


38 












11 


2A3 










\ 


2Y3 


37 












12 


2A4 










\ 


2Y4 


36 












13 


3A1 






1 


3V 




3Y1 


35 








14 


3A2 












3Y2 


33 












16 


3A3 












3Y3 


32 












17 


3A4 












3Y4 


30 












19 


4A1 






1 


4 V 




4Y1 


29 








20 


4A2 










\ 


4Y2 


27 












22 


4A3 












4Y3 


26 












23 


4A4 












4Y4 

















tjhis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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logic diagram (positive logic) 



10E ^ 

1A1 \ 




* 1Y1 


46 r 




3 

•4 VfA 


1A2 1^ 

1A3 \ 




1 

® 1YT 


1A1 f 


V 


I T 

® 1Y1 


1A4 ^ 

20E -^5 

-Al \ 


-c 


8 

A\/4 


2A1 1^ 

-'A- \ 




£11 

9 

n\/«t 


2A3 f 




£ 1 £ 

2Y3 


2A3 ^ 

[ 




2Y4 



SN54LVTH16240, SN74LVTH16240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS684B- MARCH 1997 - REVISED MARCH 199B 



3A1 “ r 


c 


3Y1 


3A1 

35 r 


c 


Oil 

3Y2 


3A2 ^ 

3A3 r 


c 


oT^ 

► 

3Y3 


3A3 

3A1 “ r 




3Y4 


3A4 ^ 

40E — 

1A1 ^ r 


c 


4Y1 


4A1 ^ 

29 r 


e 


ATI 

20 


4A2 ^ 


e 


AT* 

22 

4Y3 


4A3 ^ 

1A1 r 

4A4 


-c 


23 

AyfA 







absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0 5 V 

Current into any output in the low state, Iq: SN54LVTH16240 96 mA 

SN74LVTH 16240 128 m A 

Current into any output in the high state, Iq (see Note 2); SN54LVTH16240 48 mA 

SN74LVTH16240 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 9 ja (see Note 3): DGG package 89°CA/V 

DL package 94°CA/V 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 , The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are obsenred, 

2. This current flows only when the output is in the high state and Vq > Vcc. 

3. The package thermal impedance is calculated in accordance with JESD 51 . 
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SN54LVTH16240, SN74LVTH16240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS684B - MARCH 1997 - REVISED MARCH 1998 



recommended operating conditions (see Note 4) 







SN54LVTH16240 


SN74LVTH16240 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


Hi 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


I 2 




2 


V 


V|L 


Low-level input voltage 


CO 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


lOH 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 




48 


64 


mA 


At/AV 


Input transition rise or fall rate | 


I Outputs enabled | 


..O' 

^ 


10 


10 


nsN 


At/AVcC 


Power-up ramp rate 


I '^^200 


200 


\isN 


Ta 


Operating free-air temperature 


-55 


125 


-40 


85 


«c 



NOTE 4: All unused control inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW information concema products In tha tormativa or 
daaim phase of development Charactsrletic data and other 
epacmcatlone are design goala. Texas Instruments reserves the right to 
change or discontinue th^ product without notice. 
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SN54LVTH16240, SN74LVTH16240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS684B - MARCH 1 997 - REVISED MARCH 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 







TEST CONDITIONS 


SN54LVTH16240 


SN74LVTH16240 


UNIT 




MIN TYPt MAX 


MIN TYPt 


MAX 


V|K 


Vcc = 2.7 V, 


l| = -18mA 


-1.2 


-1.2 


V 






Vcc = 2.7 V to 3.6 V, 


lOH = -100 pA 


Vcc-0.2 


Vcc-0.2 




VOH 




Vcc = 2.7 V, 


Iqh = -8 mA 


2.4 


2.4 






> 

CO 

II 

O 

O 

> 


Iqh = ”24 mA 


2 










Iqh = -32 mA 




2 








Vcc = 2.7 V 


IqL = 100 jiA 


0.2 


0.2 








Iql - 24 mA 


0.5 


0.5 




VOL 






Iql- ‘'0 


0.4 


0.4 






VCC=3V 


Iql = 32 mA 


0.5 


0.5 








lOL = 48 FnA 


0.55 












lOL = 84 mA 




0.55 








Vcc = 0 0'' 3-6 V. 


V| = 5.5V 


10 


10 




h 


Control inputs 


Vcc = 3.6 V, 


V| = Vcc ot gnd 


X ±1 


±1 


pA 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


^ 1 


1 




O 

II 

> 


-5 


-5 




'off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±1 00 


pA 


l|(hold) 


Data inputs 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


V| = 2V 


-75‘ 


-75 


'OZH 


Vcc = 3.6 V, 


> 

CO 

11 

O 

> 


5 


5 


pA 


'OZL 


Vcc = 3.6 V, 


Vq = 0.5 V 


-5 


-5 


pA 


lOZPU 


Vcc = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100’ 


±100 


pA 


'OZPD 


Vcc = 1 -5 V to 0, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100’ 


±100 


pA 






Vcc = 3.6 V, iQ = 0 , 
V| = Vcc ot GND 


Outputs high 


0.19 


0.19 




icc 




Outputs low 


5 


5 


mA 






Outputs disabled 


0.19 


0.19 




Alcc^ 


Vcc = 3 V to 3.6 V, 

One input at Vcc “ 3-® V, 
Other inputs at Vcc o'" GND 


0.2 


0.2 


mA 


Ci 


V| = 3VorO 


4 


4 


pF 


Co 


Vq = 3 V or 0 


9 


9 


pF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqq = 3.3 V, Ta = 25°C. 

t This Is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH16240, SN74LVTH16240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS684B- MARCH 1997 - REVISED MARCH 1998 



switching characteristics over recommended operating free-air temperature range, Ci. = 50 pF 
(unless otherwise noted) (see Figure 1) 









SN54LVTH16240 


SN74LVTH16240 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 




Vcc = 


2.7 V 




Vcc = 2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN MAX 




tPLH 






1 


3.6 




4.1 


1 


2.2 


3.5 


4 


ns 


•PHL 






1 


3.6 




4.1 


1 


2.7 


3.5 


4 


•PZH 


OE 




1 


4.2 




5.1 


1 


2.6 


4 


4.9 


ns 


fpZL 




1.1 


4.6, 




4.8 


1.2 


2.6 


4.4 


4.6 


tPHZ 


OE 




1.9 


wm 


5.2 


2 


3.4 


4.5 


5 


ns 


'PLZ 




1.9 


mm 


4.5 


2 


3.2 


4.2 


4.2 


tsk(o)* 






4" 




0.5 


0.5 


ns 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 



PRODUCT PREVIEW information concerns products In the formative or 
desiqn phase of development. Characteristic data and other 
spectficatlons are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH16240, SN74LVTH16240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS684B - MARCH 1 997 - REVISED MARCH 1 998 



PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 



Cl = 50 pF 
(see Note A) 



500 Q 






P 6V 
O Open 
qGND 



500 n 



LOAD CIRCUIT 




TEST 


SI 


*phl/»plh 

‘PLZ/^PZL 

*PHZ/*PZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




2.7 V 
0 V 



2.7 V 
OV 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input X^5v 

> 



-2.7 V 
•0 V 



•PLH 

I ' 



►{-•PHL 



Output 



M.5 V 



*PHL 



Output 






1 VOH 

1.5 V 

- VoL 
-tpLH 

VoH 

1.5 V 
VoL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 



Output 
Waveform 2 
S1 atGND 
(see Note B) 






1 

tpZL-^l 

1 


k- 


i 

1 


~Xl.5V 


1 

*PZH ->\ 


k- 

1 







I 



■ 2.7 V 



• 0 V 



-n k- tpLZ 



I I 
I 



I y ^L + o-3v 



3 V 



I I 

—►I *PHZ 






VOH- 0 . 3 V 



vql 



VOH 



= 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. Ail input pulses are supplied by generators having the following characteristics: PRR< 10 MHz, Zo = 50n, tr^2.5 ns, tf<2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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Members of the Texas Instruments 
Widebus™ Family 

State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

Output Ports Have Equivaient 22-0 Series 
Resistors, So No Externai Resistors Are 
Required 

Support Mixed-Mode Signai Operation (5-V 
input and Output Voitages With 3.3-V Vcc) 
Support Unreguiated Battery Operation 
Down to 2.7 V 



• High-impedance State During Power Up 
and Power Down 



• Typical Vqlp (Output Ground Bounce) 
< 0.8 V at Vcc = 3.3 V, Ta = 25X 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 



• Power Off Disables Outputs, Permitting 
Live insertion 



• Distributed Vcc ^*^13 Pin Configuration 
Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 250 mA Per 
JESD 17 



• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Modei (C = 200 pF, R = 0) 

• Package Options Inciude Piastic 300-mii 
Shrink Small-Outline (DL) and Thin Shrink 
Smail-Outline (DGG) Packages and 380-mii 
Fine-Pitch Ceramic Fiat (WD) Package 
Using 25-mii Center-to-Center Spacings 



SN54LVTH1 62240, SN74LVTH1 62240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS6B5D- MARCH 1997- REVISED MAY 1998 



SNS4LVTH1 62240 . . . WD PACKAGE 
SN74LVTH1 62240 . . . OGG OR DL PACKAGE 
(TOP VIEW) 



ioe[ 


1 


48 


]20E 


1Y1 [ 


2 


47 


j 1A1 


1Y2[ 


3 


46 


] 1A2 


gnd[ 


4 


45 


]gnd 


1Y3[ 


5 


44 


1 1A3 


1Y4[ 


6 


43 


j 1A4 


Vcci 


7 


42 


] Vcc 


2Y1 [ 


8 


41 


] 2A1 


2Y2[ 


9 


40 


] 2A2 


gnd[ 


10 


39 


] GND 


2Y3[ 


11 


38 


] 2A3 


2Y4[ 


12 


37 


] 2A4 


3Y1 [ 


13 


36 


] 3A1 


3Y2[ 


14 


35 


] 3A2 


gnd[ 


15 


34 


] GND 


3Y3[ 


16 


33 


] 3A3 


3Y4[ 


17 


32 


] 3A4 


Vcc [ 


18 


31 


] Vcc 


4Y1 [ 


19 


30 


]4A1 


4Y2[ 


20 


29 


] 4A2 


gnd[ 


21 


28 


] GND 


4Y3[ 


22 


27 


] 4A3 


4Y4[ 


23 


26 


] 4A4 


40E[ 


24 


25 


] 30E 



description 

The ’LVTH1 62240 devices are 1 6-bit buffers/drivers designed specificaily for low-voltage (3.3-V) Vcc operation 
and to improve both the performance and density of 3-state memory address drivers, clock drivers, and 
bus-oriented receivers and transmitters. They have the capability to provide a TTL interface to a 5-V system 
environment. 

These devices can be used as four 4-bit buffers, two 8-bit buffers, or one 16-bit buffer and provide inverting 
outputs and symmetrical active-low output-enabie (OE) inputs. 



Widebus is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA informstion current as of publicstion date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54LVTH1 62240, SN74LVTH1 62240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS6B5D - MARCH 1 997 - REVISED MAY 1 998 



description (continued) 

The outputs, which are designed to source or sink up to 12 mA, include equivalent 22-Q series resistors to 
reduce overshoot and undershoot. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vqc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH1 62240 is characterized for operation over the full military temperature range of-55°C to 1 25°C. 
The SN74LVTH 162240 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 4-blt buffer) 



INPUTS 


OUTPUT 

Y 


OE 


A 


mm 




L 


H 




H 


H 


n 


Z 
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logic diagram (positive iogic) 




absoiute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 9 ja (see Note 3): DGG package 89°CA/V 

DL package 94°CAW 

Storage temperature range, Tstg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 , The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2, This current flows only when the output is in the high state and Vq > Vcc. 

3, The package thermal impedance is calculated in accordance with JESD 51 , 
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SN54LVTH1 62240, SN74LVTH1 62240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS685D- MARCH 1997- REVISED MAY 1998 



recommended operating conditions (see Note 4) 





SN54LVTH1 62240 


SN74LVTH1 62240 


UNIT 


MIN MAX 


MIN MAX 


VcC Supply voltage 


2.7 3.6 


2.7 3.6 


V 


V|H High-level Input voltage 


2 


2 


V 


ViL Low-level Input voltage 


0.8 


0.8 


V 


V| Input voltage 


^ 5.5 


5.5 


V 


Iqh High-level output current 


-12 


-12 


mA 


Iql Low-level output current 


12 


12 


mA 


1 At/Av Input transition rise or fall rate | 


1 Outputs enabled 


10 


10 


nsA/ 


At/AVcc Power-up ramp rate 


200 


200 


psA/ 


T/\ Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vqc o*’ GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH1 62240 


SN74LVTH1 62240 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1 .2 


V 


VOH 


Vcc = 3V, IOH=-12mA 


2 


2 


V 


VoL 


Vcc = 3V, Iql = 12 mA 


0.8 


0.8 


V 


l| 




Vcc = 0 Of 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


< 

II 

< 

o 

o 


1 


1 


< 

II 

o 


-5 


-5 


1 'off 


I ^CC = V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


Data inputs 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


pA 


iqzl 


Vcc = 3.6 V, Vo = 0.5 V 


.O -5 


-5 


pA 


bzpu 


ycc = 0 to 1 .5 V, Vo = 0.5 V to 3 V, 
OE =s don’t care 


O' 

C ±100* 


±100 


pA 


Iqzpd 


ycc = 1 .5 V to 0, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


Icc 


Vcc = 3.6V, lo = 0, 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc ~ O-® V, 
Other inputs at Vcc GND 


0.2 


0.2 


mA 


C| 


Vj = 3 V or 0 


4 


4 


pF 


Co 


Vo = 3 V or 0 


9 


9 


PF 



♦ On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t Ail typical values are at Vcc = 3-3 V, T>\ = 25®C. 

♦ This Is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqc or GND. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH1 62240, SN74LVTH 162240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS685D - MARCH 1 997 - REVISED MAY 1996 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 









SN54LVTH 162240 


SN74LVTH1 62240 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3V 


Vcc = 


2.7 V 




Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 




MAX 




•PLH 






1 


4.2 


5 


1 


2.5 


4 


4.6 


ns 


tpHL 






1 


4.2 





5 


1 


2.9 


4 


4.6 


'PZH 


OE 




1 


5 


mm 


5.5 


1 


2.8 


4.8 


5.7 


ns 


<PZL 




1 


4.9, 




5.1 


1 


2.8 


EQ 


4.9 


•PHZ 


OE 




1.9 


44 


5.4 


2 


3.5 


4.7 


5.2 


ns 


'PLZ 




1.9 


4 .^ 


4.8 


2 


3.4 


4.5 


4.5 


^sk(o)^ 










0.5 


0.5 


ns 



t All typical values are at Vqq = 3.3 V, Ty\ = 25°C. 

^ Skew between any two outputs of the same package switching in the same direction 



PRODUCT PREVIEW Information concoms products In tho formative or 
design phase of developmenL Characteristic data and other 
spedfleations are design goals. Texas Instruments reserves the right to 
cnangs or discontinue these products without notice. 
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SN54LVTH1 62240, SN74LVTH1 62240 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS685D - MARCH 1997 - REVISED MAY 1998 



PARAMETER MEASUREMENT INFORMATION 



O 6 V 




Input 




TEST 


S1 


*PLH«PHL 

tpLZftpZL 

•PHZ/tpZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




2,7 V 
OV 



2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



~X' “ 

I I . 



„ . . tPZL-»| !♦- -W k-tpLZ 

Output I I I I 

Waveform 1 
S1 at 6 V 

(see Note B) I 1 — . 

tpZH-»| k— -►( i^tPHZ 

Output 

waveform 2 -^Voh-0.3V 

S1 at GND 
(see Note B) 



I K oL^0-3V 

I I 

k- -►( ‘PHZ 
^1.5 V - 0- 



•2.7 V 
. 0 V 

3 V 
VOL 

VOH 
= 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. C[_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C, All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t, < 2.5 ns, tf S 2.5 ns. 

D, The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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• Members of the Texas Instruments 
WIdebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-VVcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-impedance State During Power Up 
and Power Down 

• Typicai Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25X 

• Bus Hoid on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Distributed and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options include Plastic 300-mil 
Shrink Small-Outllne (DL) and Thin Shrink 
Small-Outllne (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 



description 



SN54LVTH16241, SN74LVTH16241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS693B - MAY 1 997 - REVISED APRIL 1 998 



SN54LVTH16241 . . . WD PACKAGE 
SN74LVTH16241 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10E[ 1 
1Y1 [ 2 
1Y2[ 3 
GND[ 4 
1Y3[ 5 
1Y4[ 6 

Vcc i ^ 

2Y1 [ 8 
2Y2[ 9 
GND [ 10 
2Y3[ 11 
2Y4[ 12 
3Y1 [ 13 
3Y2[ 14 
GND[ 15 
3Y3[ 16 
3Y4[ 17 
Vcc [ 18 
4Y1 [ 19 
4Y2 [ 20 
GND [ 21 
4Y3 [ 22 
4Y4 [ 23 
40E [ 24 



48 ] 20E 
47 ] 1A1 
46 ] 1A2 
45 ] GND 
44 ] 1A3 
43 ] 1A4 
42 ] Vcc 
41 ]2A1 
40 ]2A2 
39 ] GND 
38 ] 2A3 
37 ] 2A4 
36 ] 3A1 
35 ] 3A2 
34 ] GND 
33 ] 3A3 
32 ] 3A4 
31 ] Vcc 
30 ] 4A1 
29 ] 4A2 
28 ] GND 
27 ] 4A3 
26 ] 4A4 
25 ] 30E 



These 16-bit buffers/drivers are designed specif icaliy for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

The devices can be used as four 4-bit buffers, two 8-bit buffers, or one 1 6-bit buffer. The devices provide 
noninverting outputs and complementary output-enable (OE and OE) inputs. 

When Vcc 'S between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor 
and OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sinking/current-sourcing capability of the driver. 



Widebus is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED thit document contains PRODUCTION 
DATA Information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily Include testing of all 
parameters. 
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SN54LVTH16241, SN74LVTH16241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS693B- MAY 1997 - REVISED APRIL 199B 

description (continued) 

Active bus-hold circuitry is provided to hoid unused or floating data inputs at a valid logic levei. 

The SN54LVTH1 6241 is characterized for operation over the fuil military temperature range of -55°C to 1 25°C. 
The SN74LVTH16241 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLES 



INPUTS 


OUTPUTS 


10E, 40E 


1A, 4A 


1Y, 4Y 


L 


H 


H 


L 


L 


L 


H 


X 


Z 



INPUTS 


OUTPUTS 


20E, 30E 


2A, 3A 


2Y, 3Y 


H 


H 


H 


H 


L 


L 


L 


X 


Z 



logic symbolt 




tthis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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SN54LVTH16241, SN74LVTH16241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS693B- MAY 1997- REVISED APRIL 1998 

logic diagram (positive iogic) 




absoiute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vqc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH16241 96 mA 

SN74LVTH16241 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16241 48 mA 

SN74LVTH 16241 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 9 ja (see Note 3): DGG package 89°C/W 

DL package 94°CAAf 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 
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SN54LVTH16241, SN74LVTH16241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS693B - MAY 1 997 ~ REVISED APRIL 1 998 



recommended operating conditions (see Note 4) 




At/Av Input transition rise or fall rate 



Outputs enabled 



10 ns/V 



At/AVcc Power-up ramp rate 



Operating free-air temperature 



-55 125 -40 



NOTE 4: All unused control inputs of the device must be held at Vqq or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH16241, SN74LVTH16241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS693B - MAY 1 997 - REVISED APRIL 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16241 


SN74LVTH16241 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1 .2 


-1.2 


V 


vqh 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 pA 


Vcc-0.2 


Vcc-0.2 


a 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc = 3V 


Iqh = -24 mA 


2 




Iqh = -32 mA 




2 


Vql 


Vcc = 2.7 V 


lOL - 100 pA 


0.2 


0.2 


1 


lOL = 24 mA 


0.5 


0.5 


Vcc = 3 V 


Iql = 1 6 mA 


0.4 


0.4 


lOL - 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




lOL = 34 rnA 




0.55 


■ 




Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc Of GND 


,.:o ±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 




1 


O 

II 

> 


< -5 


-5 


loff 


Vcc = 0. V| or Vo = 0 to 4.5 V 


..'S' ±100 


±100 


pA 


l|(hold) 


Data inputs 


Vcc = 3V 


V| = 0.8 V 




75 


pA 


> 

CM 

II 

> 




-75 


'OZH 


Vcc = 3.6 V, Vq = 3 V 


5 


5 


pA 


lOZL 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


|iA 


IQZPU 


Vcc^O to 1 .5 V, Vo = 0.5 V to 3 V, 
OE/OE = don't care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0. Vo = 0.5 V to 3 V. 
OE/OE = don't care 


±100* 


±100 


pA 


Ice 


Vcc = 3-6 V. Io = 0. 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vqc “ 0.6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


C| 


V| = 3VorO 


4 


4 


pF 


Cq 


Vo = 3 V or 0 


9 


9 


pF 



» On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc °t GND. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development Characteristic data and other 
specmcations are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH16241, SN74LVTH16241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS693B - MAY 1 997 - REVISED APRIL 1 998 



switching characteristics over recommended operating free-air temperature range, C[. = 50 pF 
(uniess otherwise noted) (see Figure 1) 









SN54LVTH16241 


SN74LVTH16241 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 




Vcc = 


2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 






1.1 


3.7 




4 


1.2 


2.6 


3.5 


3.8 


ns 


*PHL 






1.1 


3.7 




4 


1.2 


2.2 


3.5 


3.8 


tpZH 


OE or OE 




1.1 


4.7 




5.3 


1.2 


3.2 


IS 


5.1 




tPZL 




1.1 


4.7i 




5.2 


1.2 


3.2 




4.9 




tPHZ 






■^Ei 


6.1 


2 


3.7 


5.3 


5.9 


ns 


tPLZ 


OE or OE 




■El 


^1 


■HE9 


2 


3.4 


4.9 


5.4 


^sk(o)^ 






c 




0.5 


0.5 


ns 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH16241, SN74LVTH16241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS693B - MAY 1 997 - REVISED APRIL 1 998 



PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 



CL = 50pF 
(see Note A) 



500 Q 

-# vw- 

5 500 Q 



S1 



O 6V 
O Open 



o GND 



LOAD CIRCUIT 




TEST 


SI 


tpd 

tPLZ/tpZL 

•PHZ/tpZH 


Open 
6 V 
GND 



Timing input 



Data input 




2.7 V 
OV 



2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 







VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



yf;”' )]« 


^ 2.7 V 

1.5 V 


f.- 


k-tpLZ 


1 


J^OL*0.3V 


tpzH -H W- ->| 

1 


’'OL 

l^tPHZ 


/’■" 


"Sr voH 

\VoH-0.3V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



C[_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output Is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zq = 50 tr < 2.5 ns, tf < 2.5 ns. 

The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voltage Waveforms 
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■ • Members of the Texas Instruments 

■ Widebus™ Family 

I • Output Ports Have Equivalent 22-0 Series 
I Resistors, So No Externai Resistors Are 

I Required 

• State-of-the-Art Advanced BiCMOS 
Technoiogy (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signai Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unreguiated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typicai Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hoid on Data inputs Eliminates the 
Need for Externai Puilup/Puiidown 
Resistors 

• Power Off Disabies Outputs, Permitting 
Live Insertion 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Modei (C = 200 pF, R = 0) 

• Package Options Inciude Piastic 300-mii 
Shrink Smaii-Outiine (DL) and Thin Shrink 
Smali-Outiine (DGG) Packages and 380-mii 
Fine-Pitch Ceramic Fiat (WD) Package 
Using 25-mii Center-to-Center Spacings 



SN54LVTH1 62241, SN74LVTH1 62241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS692C - MAY 1 997 - REVISED MAY 1 998 



SN54LVTH1 62241 . . . WD PACKAGE 
SN74LVTH 162241 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



ioI[ 


1 




]20E 


1Y1 [ 


2 


47 


] 1A1 


1Y2[ 


3 


46 


] 1A2 


gnd[ 


4 


45 


]gnd 


1Y3[ 


5 


44 


] 1A3 


1Y4[ 


6 


43 


] 1A4 


Vcci 


7 


42 


i Vcc 


2Y1 [ 


8 


41 


]2A1 


2Y2[ 


9 


40 


]2A2 


gnd[ 


10 


39 


] GND 


2Y3[ 


11 


38 


]2A3 


2Y4[ 


12 


37 


]2A4 


3Y1 [ 


13 


36 


] 3A1 


3Y2[ 


14 


35 


] 3A2 


gnd[ 


15 


34 


] GND 


3Y3[ 


16 


33 


] 3A3 


3Y4[ 


17 


32 


]3A4 


Vcc i 


18 


31 


i Vcc 


4Y1 [ 


19 


30 


]4A1 


4Y2[ 


20 


29 


]4A2 


gnd[ 


21 


28 


] GND 


4Y3[ 


22 


27 


]4A3 


4Y4[ 


23 


26 


]4A4 


40E[ 


24 


25 


]30E 



description 

These 16-bit buffers/drivers are designed specificaily for iow-voltage (3.3-V) \/qq operation, but with the 
capabiiity to provide a TTL interface to a 5-V system environment. 

The devices can be used as four 4-bit buffers, two 8-bit buffers^_or one 16-bit buffer. The devices provide 
noninverting outputs and complementary output-enable (OE and OE) inputs. 



Widebus is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 



'^ 1 ^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 
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SN54LVTH1 62241, SN74LVTH1 62241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS692C - MAY 1 997 - REVISED MAY 1 998 



description (continued) 



The outputs, which are designed to source or sink up to 12 mA, include equivalent 22-Q series resistors to 
reduce overshoot and undershoot. 

When Vqc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor 
and OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sinking/current-sourcing capability of the driver. 



Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH1 62241 is characterized for operation overthe full military temperature range of -55°C to 125°C. 
The SN74LVTH 162241 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLES 



1 INPUTS 


OUTPUTS 

1Y,4Y 










H 






L 


H 


B 


Z 



INPUTS 


OUTPUTS 

2Y.3Y 


20E, 30E 


2A, 3A 


H 


H 


H 


H 


L 


L 


L 


X 


Z 
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3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS692C - MAY 1 997 - REVISED MAY 1 998 



logic diagram (positive iogic) 



1 A 1 r 




2 36 

4 \/4 A 4 




13 


46 f 




111 oMl 

3 35 

4 \fn o A n 




o T 1 

3Y2 


1A2 ^ 

1A3 ^ r 




\1£. 

5 33 

'' 4V«S OA*! 




oT<e: 

3Y3 


1A3 

1 A 1 r 




6 32 

1Y1 3A1 




3Y4 


20E [>- 

-Ai r 




40E — 

8 30 

^Y1 4A1 


o 


4Y1 


40 r 




9 29 




“ 4Y2 


2A2 1^ 




£1^ 4A^ 

11 ->Y3 1A3 




22 

4Y3 


2A3 ^ 

-M r 




12 XXX 26 1 




23 

AMA 


L 


^ 1 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output In the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0-5 V 

Current into any output in the low state, Iq 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 8 ja (see Note 3): DGG package 89°CA/V 

DL package 94°CAAf 

Storage temperature range, Tgtg -65°Cto150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 
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SN54LVTH1 62241, SN74LVTH1 62241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS692C - MAY 1 997 - REVISED MAY 1998 



recommended operating conditions (see Note 4) 







SN54LVTH162241 | 


SN74LVTH1 62241 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


I 2 


2 


V 


V|L 


Low-level input voltage 


O 

bo 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


Iqh 


High-level output current 


-12 


-12 


mA 


iql 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate | 


I Outputs enabled | 


10 


10 


nsA/ 


At/AVcc 


Power-up ramp rate 


200 


200 


psA/ 


ta 


Operating free-air temperature 


1 -55 


125 


-40 


85 


”C 



NOTE 4: All unused control inputs of the device must be held at Vcc of GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH162241 


SN74LVTH1 62241 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1 .2 


-1.2 


V 


vqh 


Vcc = 3V, IOH = -12mA 


2 


2 


V 


Vql 


VCC = 3V, Iql = 12 mA 


0.8 


0.8 


V 


i| 




Vcc = 0 or 3.6 V, V| = 5.5V 


10 


10 


pA 


Control inputs 


Vcc = 3-6 V, V| = Vcc O'” GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


1 V| = Vcc 


1 


1 


< 

II 

o 


-5 


-5 


1 'off 


[ Vcc = 0, V| or Vq = 0 to 4.5 V | 


±100 


±100 


pA 


h(hold) 


Data inputs 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


V| = 2 V 


-75 


-75 


lOZH 


Vcc = 3-6 V, Vq = 3 V 


5 


5 


pA 


IQZL 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


pA 


iqzpu 


Vcc = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE/OE = don’t care 


6 ±100* 


±100 


pA 


iqzpd 


Vcc = 1 .5 V to 0, Vq = 0.5 V to 3 V, 
OE/OE = don’t care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6 V, lo = 0. 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec* 


Vcc = 3 V to 3.6 V, One input at Vcc ” O-® V, 
Other inputs at Vcc O’” GND 


0.2 


0.2 


mA 


C| 


V| = 3VorO 


4 


4 


PF 


Co 


Vq = 3 V or 0 


9 


9 


PF 



♦ On products compliant to MIL-PRF-38535, this parameter Is not production tested, 
t All typical values are at Vqc = 3-3 V, = 25°C. 

t This is the increase In supply current for each input that is at the specified TTL voltage level rather than '^CC o'" GND. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH1 62241, SN74LVTH1 62241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS692C - MAY 1 997 - REVISED MAY 199B 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 









SN54LVTH1 62241 


SN74LVTH1 62241 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 




Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tpLH 






1.3 




4.9 


1.4 


3 


4.1 


4.7 


ns 


•PHL 






1.3 




4.9 


1.4 


2.4 


4.1 


4.7 


tpZH 


OE or OE 




1.1 


5.2 


5.9 


1.2 


3.5 


m 


5.7 


ns 


tpZL 




1.4 


5 


' 


5.4 


1.5 


3.5 


4.8 


5.2 


tPHZ 


OEorOE 




1.9 


5-S. 


6.2 


2 


3.7 


5.3 


5.9 


ns 


tPLZ 






5.7 


2 


3.6 


4.9 


5.4 


^sk(o)^ 






€ 




0.5 


0.5 


ns 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
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SN54LVTH1 62241, SN74LVTH1 62241 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS692C - MAY 1 997 - REVISED MAY 1 998 



PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 



Cl = 50 pF 
(see Note A) 



500 0 

vw 

500 0 



S1^ 



O 6V 
O Open 



p GND 



LOAD CIRCUIT 



N 'w N 




VOLTAGE WAVEFORMS 
PULSE DURATION 



TEST 


SI 


tpd 

tPLZ/tpZL 

•PHZ/*PZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 







VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



) |(^ 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



tpZL 



tpZH 



-*j k-tpLZ 

I I I 

j j^ L*0-3V 



-►I ^ *PHZ 






0.3 V 



2.7 V 
0 V 

3 V 

VoL 

.VOH 
= 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output Is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t, < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



3-33 






• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• High-Impedance State During Power Up 
and Power Down 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unreguiated Battery Operation 
Down to 2.7 V 

• Typicai Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for Externai Puliup/Puildown 
Resistors 

• Power Off Disabies Outputs, Permitting 
Live Insertion 

• Latch-Up Performance Exceeds 500 mA Per 
JESD17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Modei (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mii 
Shrink Smali-Outiine (DL), Thin Shrink 
Smail-Outline (DGG), and Thin Very 
Smail-Outline (DGV) Packages and 380-mii 
Fine-Pitch Ceramic Fiat (WD) Package 
Using 25-mii Center-to-Center Spacings 



SN54LVTH16244A, SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS142K- MAY 1992- REVISED MARCH 1998 

SN54LVTH16244A . . . WD PACKAGE 
SN74LVTH16244A . . . DGG, DGV, OR DL PACKAGE 
(TOP VIEW) 

10E 
1Y1 
1Y2 
GND 
1Y3 
1Y4 

Vcc 

2Y1 
2Y2 
GND 
2Y3 
2Y4 
3Y1 
3Y2 
GND 
3Y3 
3Y4 

Vcc 

4Y1 
4Y2 
GND 
4Y3 
4Y4 
40E 




description 

The ’LVTH16244A devices are 16-bit buffers and line drivers designed for low-voltage (3.3-V) Vcc operation, 
but with the capability to provide a TTL interface to a 5-V system environment. These devices can be used as 
four 4-bit buffers, two 8-bit buffers, or one 16-bit buffer. These devices provide true outputs and symmetrical 
active-low output-enable (OE) inputs. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc between 0 and 1 .5-V, the devices are in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5-V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor Is determined by the current-sinking capability of the driver. 

The SN54LVTH16244A is characterized for operation over the full military temperature range of -55°C to 
125°C. The SN74LVTH16244A is characterized for operation from -40°C to 85°C. 



Widebus is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA infonfwtJon It current as of publication date. ■ Copyright © 1998, Texas Instruments Incorporated 

Products conform to ape^atioiw per the terms of Texas Irertruments P|« On products compliant to M1L-PRF-3853S, all parameters are tested 

standard warranty. Production processing does not necessarily Include 'TV'V'AC otherwise noted. On all other products, production 

testing of all parameters. ^ processing does not necessarily include testing of all parameters. 
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SN54LVTH16244A, SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS142K- MAY 1992 -REVISED MARCH 1998 

FUNCTION TABLE 



(each buffer) 



INPUTS 


OUTPUT 


OE 


A 


Y 


L 


H 


H 


L 


L 


L 


H 


X 


z 



logic symbolt 




tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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SN54LVTH16244A, SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS142K - MAY 1992 - REVISED MARCH 1998 



logic diagram (positive logic) 



10E — C 

47 


[> 

f 


V ' 


30E — — C 
2 36 

■4 \/4 O A 4 


> 

1 




3Y1 


IMI 1 

46 f 




1 I 1 I 1 

3 35 1 

.i • n 1 


< 


3Y2 


44 

4 


kH 


1Y2 JA2 1 

5 33 1 

-*\/n OAO *''' 1 




Ol£ 

3Y3 


IMO 1 




1 T O 1 

6 wx 1 




3Y4 


20E — C 

41 


1 

>- 

1 




40E C 

8 30 


1 

> 

1 


V 


4Y1 


1 1 

40 1 


$ 


4C T I ■ 1 

9 29 1 

A ii A n 1 




20 

A \/l-l 


2A2 1 

38 1 




4A£ I 

11 -Y3 1A3 I 




4Y3 


1 




12 ovx XXX 1 




23 xvx 


2A1 1 


^ 1 





absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqq -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc 0.5 V 

Current into any output in the low state, Iq: SN54LVTH16244A 96 mA 

SN74LVTH16244A 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16244A 48 mA 

SN74LVTH16244A 64 mA 

Input clamp current, I|k (V( < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0 ja (see Note 3): DGG package 89°C/W 

DGV package 93°CAAf 

DL package 94°CAA/ 

Storage temperature range, Tstg -65°C to 1 50°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings oniy, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the Input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal Impedance is calculated in accordance with JESD 51 . 
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SN54LVTH16244A, SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 42K - MAY 1 992 - REVISED MARCH 1 998 



recommended operating conditions (see Note 4) 




SN54LVTH16244A 


SN74LVTH16244A 


MIN MAX 


MIN MAX 



Vcc Supply voltage 

V|f-j High-level input voltage 

V|i_ Low-level input voltage 

V| Input voltage 

Iqh High-level output current 

Iql Low-level output current 

At/Av Input transition rise or fall rate 

At/AVcc Power-up ramp rate 

Operating free-air temperature 



2 

0£j 

5 £ 

^4 

^ 48 

Outputs enabled 10 

200 200 

-55 125 -40 



2.7 3.6 

2 



V 

0.8 V 

5.5 V 

-32 mA 
64 mA 
10 nsN 
|isA^ 



NOTE 4: All unused control Inputs of the device must at Vqq or GND to ensure proper device operation. Refer to the XI application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH16244A, SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 42K - MAY 1 992 - REVISED MARCH 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16244A 


SN74LVTH16244A 


UNIT 


MIN TYPt MAX 


MIN TYPt max 


V|K 


Vcc = 2.7V, l| = -18mA 


-1 .2 


-1.2 


V 


VOH 


VCC = 2-7 V to 3.6 V, IOH = -100tiA 


VcC-0.2 


Vcc-0.2 


■ 


Vcc = 2.7 V, lOH = -8 mA 


2.4 


2.4 


Vcc=3V 


Iqh - “24 mA 


2 




Iqh - “32 mA 




2 


VOL 


Vcc = 2.7 V 


Iql = 100 jiA 


0.2 


0.2 


1 


Iql - 24 mA 


0.5 


0.5 


Vcc = 3V 


Iql = 10 rnA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql “ 48 mA 


0.55 




Iql = 04 mA 




0.55 


■ 




Vcc = 0 0'' 3.6 V, V| = 5.5 V 


50 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc Of GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


O 

II 

> 


-5 


-5 


! 'off 


Vcc = 0. V[ or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


Data inputs 


VCC = 3V 


V| = 0.8 V 


75 


75 


pA 


V| = 2V 


-75 


-75 


lOZH 


Vcc = 3.6 V, Vq = 3 V 


5 


5 


pA 


'OZL 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


pA 


'OZPU 


Vcc = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0, Vq = 0.5 V to 3 V. 
OE - don’t care 


±100* 


±100 


pA 


icc 


Vcc = 3.6V,lo = 0. 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Aicc^ 


Vcc = 3 V to 3.6 V, One input at Vcc “ 3-6 V, 
Other inputs at Vcc or GND 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


PF 


Co 


Vq = 3 V or 0 


9 


9 


PF 



*On products compliant to MlL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqq = 3.3 V, Ta = 25®C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqc or GND. 
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SN54LVTH16244A, SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 42K - MAY 1 992 - REVISED MARCH 1998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 









S^54LVTH16244A 


SN74LVTH16244A 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 






1.1 


4.4 


4.6 


1.2 


2.3 


3.2 


3.7 


ns 


<PHL 






1.1 


3.6 


3.9 


1.2 


2 


3.2 


3.7 


tpZH 


OE 




1.1 


4.6 


5.4 


1.2 


2.6 


4 


5 


ns 


*PZL 




1,1 


5.4 


6.2 


1.2 


2.7 


4 


5 


tPHZ 


OE 




1.6 


5.7 


6.2 


2.2 


3.3 


10 


5 


ns 


tPLZ 




1.2 


5 


4.7 


2 


3.1 


4.2 


4.4 


*sk(o)^ 










0.5 




ns 



t All typical values are at Vcc = 3-3 V, = 25®C. 

t Skew between any two outputs of the same package switching in the same direction 
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SN54LVTH16244A, SN74LVTH16244A 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS142K- MAY 1992 - REVISED MARCH 1996 

PARAMETER MEASUREMENT INFORMATION 



O 6V 




VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

PULSE DURATION SETUP AND HOLD TIMES 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



tpzL-^l I*— ->\ |4-‘plz 

^ ! X' 

! V-SV I ^o,,o.3V„ 

I M ''°'- 

*PZH-^| -♦I |4-tpHZ 

XTv ^Voh - 0.3 v''°” 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR S 1 0 MHz, Zq = 50 £1, t^ < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVTH1 62244, SN74LVTH1 62244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTSWITH 3-STATE OUTPUTS 

SCBS258I - JUNE 1993- REVISED MARCH 1998 



• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static-Power 
Dissipation 

• Output Ports Have Equivalent 22-0 Series 
Resistors, So No External Resistors Are 
Required 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typical Voi,p (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disabies Outputs, Permitting 
Live Insertion 

• Distributed Vcc ^*^13 Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD17 



SN54LVTH1 62244 . . . WD PACKAGE 
SN74LVTH1 62244 . . . DGG OR DL PACKAGE 
(TOP VIEW) 




• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Smaii-Outline (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 



description 

The 'LVTH 162244 devices are 16-bit buffers and line drivers designed for low-voltage (3.3-V) Vqc operation, 
but with the capability to provide a TTL interface to a 5-V system environment. These devices can be used as 
four 4-bit buffers, two 8-bit_^ffers, or one 16-bit buffer. These devices provide true outputs and symmetrical 
active-low output-enable (OE) inputs. 



Widebus is a trademark of Texas Instruments Incoroorated. 



PRODUCTION DATA Information is current as of publication date. 
Products conform to specificationa per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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On products compliant to MIL-PRF-3853S, all parameters are tested 
unless otherwise noted. On all other products, production 
processing does not necessarily include testing of all parameters. 
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SN54LVTH1 62244, SN74LVTH1 62244 

3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTSWITH 3-STATE OUTPUTS 

SCBS256I - JUNE 1993- REVISED MARCH 1998 

description (continued) 

The outputs, which are designed to source or sink up to 12 mA, include equivalent 22-i2 series resistors to 
reduce overshoot and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH1 62244 is characterized for operation overthe full military temperature range of-55°C to 1 25°C. 
The SN74LVTH 162244 is characterized for operation from -40°C to 85°C. 

FUNCTION TABLE 



(each 4-bit buffer) 



INPUTS 


OUTPUT 


OE 


A 


Y 


L 


H 


H 


L 


L 


L 


H 


X 


Z 



logic symbolt 




tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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SN54LVTH1 62244, SN74LVTH1 62244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTSWITH 3-STATE OUTPUTS 

SCBS2S8I - JUNE 1 993 - REVISED MARCH 1 998 



logic diagram (positive iogic) 




absoiute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vqq -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc 0.5 V 

Current into any output in the low state, Iq 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0 ja (see Note 3): DGG package 89°CAAf 

DL package 94°CAA/ 

Storage temperature range, Tstg -65°C to 1 50°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES; 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vqq. 

3. The package thermal Impedance is calculated In accordance with JESD 51 . 
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SN54LVTH1 62244, SN74LVTH1 62244 

3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTSWITH 3-STATE OUTPUTS 

SCBS258I - JUNE 1993 - REVISED MARCH 1998 



recommended operating conditions (see Note 4) 







1 SN54LVTH162244 


SN74LVTH1 62244 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


iqh 


High-level output current 


-12 


-12 


mA 


iql 


Low-level output current 


12 


12 


mA 


At/Av 


Input transition rise or fall rate | 


1 Outputs enabled 


10 


10 


nsA/ 


At/AVcC 


Power-up ramp rate 


200 


200 


psA/ 


Ta 


Operating free-air temperature 


1 -55 


125 


-40 


85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vqq or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH1 62244 


SN74LVTH1 62244 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


ViK 


Vcc = 2.7 V, l| = -18mA 


-1.2 


-1 .2 


V 


VOH 


Vcc = 3V, IOH = -12mA 


2 


2 


V 


VOL 


Vcc = 3V IOL=12mA 


0.8 


0.8 


V 


■ 




Vcc = 0 Of 3.6 V, V| = 5.5 V 


10 


10 


liA 


Controi inputs 


Vcc = 3-6 V, V| = Vcc O'" 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


1 'off 


I Vcc = 0- V| or Vo = 0 to 4.5 V 




±100 


pA 


h(hoid) 


A inputs 


Vcc = 3 V 


|V| = 0.8V 


75 


75 


pA 


> 

CM 

II 

> 


-75 


-75 


lOZH 


Vcc = 3.6 V Vo = 3 V 


5 


5 


pA 


'OZL 


Vcc = 3.6 V Vo = 0.5 V 


-5 


-5 


pA 


'OZPU 


Vcc = 0 to 1 .5 V, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0, Vo = 0.5 V to 3 V, 
OE = don't care 


±100' 


±100 


pA 


Ice 


Vcc = 3.6V,Io = 0. 
V| = Vcc Of GND 


1 Outputs high { 


0.19 


0.19 


mA 




5 


5 


1 Outputs disabled | 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc “ 0.6 V, 
Other inputs at Vcc o'" 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


PF 


Co 


Vo = 3 V or 0 


9 


9 


pF 



• On products compliant to MIL-PRF-38535. this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, T/\ = 25®C. 

t This is the increase In supply current for each Input that is at the specified TTL voltage level rather than Wqq or GND. 
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SN54LVTH1 62244, SN74LVTH1 62244 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTSWITH 3-STATE OUTPUTS 

SCBS258I - JUNE 1 993 - REVISED MARCH 1998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 









SN54LVTH1 62244 


I SN74LVTH1 62244 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 




Vcc = 2.7 V 




Vcc = 


2.7 V 


UNIT 










MAX 




MIN 


TYPt 


MAX 


MIN 


MAX 




'PLH 






1.1 


4.6 


5.1 


1.4 


3.4 


4 


4.8 




tpHL 






1.1 


3.9 


4.5 


1.2 


2.9 


3.6 


4.1 




tpZH 


OE 




1.1 


5.4 


6.7 


1.2 


3.9 


5.1 


6.5 




'PZL 




1.3 


4.9 


6.1 


1.4 


3.8 




5.8 




*PHZ 


OE 




1.6 


5.5 


5.8 


2.2 


4.4 


5 


5.4 


ns 


tPLZ 




1.2 


5.9 


5.8 


2 


4.2 


5 


5.4 


*sk{o)^ 










0.5 




ns 



t All typical values are at Vcq = 3.3 V, Ta = 25®C. 

t Skew between any two outputs of the same package switching in the same direction 



^ Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



3-47 





















































SN54LVTH1 62244, SN74LVTH1 62244 

3.3-V ABT 16-BIT BUFFERS/DRIVERS 

WITH 3-STATE OUTPUTSWITH 3-STATE OUTPUTS 

SCBS258I - JUNE 1 993 - REVISED MARCH 1 998 



PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 

Cl = 50pF _L 
(see Note A) ^ 



500 Q 

-• vw- 

I soon 



S1 



o6v 
O Open 
p GND 



TEST 


SI 


•PLH/tPHL 

•PLZ/tpZL 

•PHZ/tpZH 


Open 
6 V 
GND 

1 



LOAD CIRCUIT 



Input 






• 2.7 V 



■ 0 V 



Timing Input 



Data Input 



V 



■ 2.7 V 
. OV 



k- — M 

I *su *h I 






VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input ^1.5 V 



Output 



Output 




Vql 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



X’ ” 

I . I 



„ tpzL-fc w— k-*PLZ 

Output I I I I 

Waveform 1 ' • ' 

S1 at 6 V 
(see Note B) 



I K oL^0.3V 



■2.7 V 
• 0 V 

3V 

VoL 



I , 'I 

*PZH-»( -rt l^tPHZ 

Output I I 

Waveform 2 I/— t ~ ~ VqH 

Slat GND ^1.5V 

(see Note B) ' ^ » 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Ci_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR<10MHz, Zo = 50f2, tr^2.5ns, tf<2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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Members of the Texas Instruments 
Widebus™ Family 
State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

High-Impedance State During Power Up 
and Power Down 

Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

Support Unregulated Battery Operation 
Down to 2.7 V 

Distributed V^c and GND Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes PCB 
Layout 

Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, T* = 25°C 
Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

Power Off Disables Outputs, Permitting 
Live Insertion 



• Latch-Up Performance Exceeds 500 mA Per 
JESD17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (DL), Thin Shrink 
Small-Outline (DGG), and Thin Very 
Small-Outline (DGV) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 



description 



SN54LVTH16245A, SN74LVTH16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS143K - MAY 1 992 - REVISED APRIL 1 99B 



SN54LVTH16245A . . . WD PACKAGE 
SN74LVTH16245A . . . DGG, DGV, OR DL PACKAGE 
(TOP VIEW) 



idir[ 


1 


48 ! 


1B1 [ 


2 


47 ■ 


1B2[ 


3 


46 ] 


gnd[ 


4 


45 ! 


1B3[ 


5 


44 ! 


1B4[ 


6 


43 ; 


Vcci 


7 


42 ; 


1B5[ 


8 


: 


1B6[ 


9 


40 . 


gnd[ 


10 


39 ] 


1B7[ 


11 


38 ! 


1B8[ 


12 


37 ■ 


2B1 [ 


13 


36 ’ 


2B2[ 


14 


35 ] 


gnd[ 


15 


34 ; 


2B3[ 


16 


33 ! 


2B4[ 


17 


32 ! 


Vcci 


18 


31 : 


2B5[ 


19 


30 ! 


2B6[ 


20 


29 ! 


gnd[ 


21 


28 ! 


2B7[ 


22 


27 ; 


2B8[ 


23 


26 ' 


2DIR[ 


24 


25 : 



10E 

1A1 

1A2 

GND 

1A3 

1A4 

Vcc 

1A5 

1A6 

GND 

1A7 

1A8 

2A1 

2A2 

GND 

2A3 

2A4 

Vcc 

2A5 

2A6 

GND 

2A7 

2A8 

20E 



The ’LVTH16245A devices are 16-bit (dual-octal) noninverting 3-state transceivers designed for low-voltage 
(3.3-V) Vcc operation, but with the capability to provide a TTL interface to a 5-V system environment. 

These devices can be used as two 8-bit transceivers or one 16-bit transceiver. They allow data transmission 
from the A bus to the B bus or from the B bus to the A bus, depending on the logic level at the direction-control 
(DIR) input. The output-enable (OE) input can be used to disable the devices so that the buses are 
effectively isolated. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 



Widebus is a tracJemark of Texas Instruments Incorporated, 



PRODUCTION DATA information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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Copyright (S) 1 998, Texas Instruments incorporated 
On products compliant to MIL-PRF-38535, all parameters are tested 
unless otiierwise noted. On all other products, production 
processing does not necessarlty include testing of all parameters. 
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SN54LVTH16245A, SN74LVTH16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 43K - MAY 1 992 - REVISED APRIL 1 998 

description (continued) 

When Vqc is between 0 and 1 .5 V, the devices are in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vqq through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH16245A is characterized for operation over the fuli military temperature range of -55°C to 
125°C. The SN74LVTH16245A is characterized for operation from -40°C to 85°C. 

FUNCTiON TABLE 



(each 8-bit section) 



INPUTS 




OE 


DIR 




L 


L 


B data to A bus 


L 


H 


A data to B bus 


H 


X 


Isolation 



logic symbolt 




tlhis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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logic diagram (positive iogic) 




To Seven Other Channels 



SN54LVTH16245A, SN74LVTH16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 43K - MAY 1 992 - REVISED APRIL 1 998 




To Seven Other Channels 



absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vqc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH16245A 96 mA 

SN74LVTH16245A 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16245A 48 mA 

SN74LVTH16245A 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0 ja (see Note 3): DGG package 89°CAA/ 

DGV package 93°CAAf 

DL package 94°CAAf 

Storage temperature range, Tgtg -65°Cto150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The Input and output negative-voltage ratings may be exceeded If the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vqq. 

3. The package thermal impedance is calculated in accordance with JESD 51 . 
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SN54LVTH16245A, SN74LVTH16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS143K- MAY 1992- REVISED APRIL 1998 

recommended operating conditions (see Note 4) 



SN54LVTH16245A 
MIN MAX 



Vcc Supply voltage | 2.7 3.6 



V|H High-level Input voltage I 2 



V|[_ Low-level input voltage 0.8 



V| Input voltage ^ 



Iqh High-level output current -24 



lOL 


Low-level output current 


At/Av 


Input transition rise or fall rate 


At/AVcc 


Power-up ramp rate 


Ta 


Operating free-air temperature 



48 

Outputs enabled 10 

200 

-55 125 



SN74LVTH16245A 
UNIT 



MIN 

2.7 

2 



200 

-40 



MAX 

3.6 V 




NOTE 4: All unused control inputs of the device must at Vqq or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH16245A, SN74LVTH16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 43K - MAY 1 992 - REVISED APRIL 199B 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SNS4LVTH16245A 


SN74LVTH16245A 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l|=-18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 


VcC-0-2 


Vcc-0.2 


V 


Vcc = 2.7 V, IOH = -SmA 


2.4 


2.4 


Vcc = 3 V 


lOH = -24 mA 


2 




lOH = -32 mA 




2 


VOL 


Vcc = 2.7 V 


Iql = 100 pA 


0.2 


0.2 


V 


lOL - 24 mA 


0.5 


0.5 


Vcc = 3 V 


lOL - 16 mA 


0.4 


0.4 


lOL = 32 mA 


0.5 


0.5 


lOL - 48 mA 


0.55 




lOL - 04 mA 




0.55 


■ 


Control inputs 


Vcc = 3 ® = ^CC O'" gnd 


±1 


±1 


pA 


Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


A or B ports^ 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = Vcc 


5 


1 


O 

II 

> 


-5 


-5 


loff 


Vcc = 0. Vt or Vo = 0 to 4.5 V 




±100 


pA 


l|(hold) 


A or B ports 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


V| = 2V 


-75 


-75 


lOZPU 


Vcc = 0 to 1 .5 V, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vcc = 1 .5 V to 0, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


'cc§ 


Vcc = 3.6 V, 

Io = 0, 

V| = Vcc GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


A'cc 


Vcc = 3 V to 3.6, One input at Vcc “ 0.6 V, 
Other Inputs at Vcc Of GND 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


PF 


Cjo 


Vo = 3 V or 0 


10 


10 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, Ta = 25°C. 
t Unused pins at Vcc 

§ This is the increase In supply current for each input that is at the specified TTL voltage level rather than Vcc ot GND. 
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SN54LVTH16245A, SN74LVTH16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS143K- MAY 1992 - REVISED APRIL 1996 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


1 SN54LVTH16245A 


1 SN74LVTH16245A 


UNIT 




Vcc = 2.7 V 




Vcc = 2-7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


•PLH 


AorB 


B or A 


0.5 4.5 


4.6 


1.5 2.3 3.3 


3.7 


ns 


tPHL 


0.5 4.4 


3.9 


1.3 2.1 3.3 


3.5 


tpZH 


OE 


AorB 


0.5 6.5 


6.6 


■IIMMI 


5.3 


ns 


>PZL 


0.5 5.4 


6.2 




5.2 


tpHZ 


OE 


AorB 


1 6.8 


7 




5.5 


ns 


tpLZ 


1 6.2 


6.3 


2.2 3.5 5.1 


5.4 


^sk(o)^ 










0.5 


0.5 


ns 



t All typical values are at Vcc - 3-3 V, = 25®C. 

t Skew between any two outputs of the same package switching in the same direction 
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SN54LVTH16245A, SN74LVTH16245A 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS1 43K - MAY 1992 - REVISED APRIL 1998 



PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 



Cl = 50 pF 
(see Note A) 



soon 

— vw- 






p 6V 
O Open 
Q GND 



soon 



LOAD CIRCUIT 



Input 



N *w H 




VOLTAGE WAVEFORMS 
PULSE DURATION 



TEST 


SI 


‘PLH/*PHL 

fpLZ/*PZL 

'PHZ/*PZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 






•2.7 V 
.OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAYTIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



) (,.v y ^p:r- 

tPZL-*j -►! k-tpLZ 

' ' I 



2.7 V 
OV 



I 

I 

tpzH -♦! 



X- SV I K )L^0.3V 

-+| [<— »PHZ 

^OH-0.3V ^ 



VOH 
0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 n, tf < 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low-Static Power 
Dissipation 

• A-Port Outputs Have Equivalent 22-0 
Series Resistors, So No External Resistors 
Are Required 

• High-Impedance State During Power Up 
and Power Down 

• Support Mixed-Mode Signal Operation 
(5-V input and Output Voltages With 
3.3-VVcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Distributed Vqq and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 



SN54LVTH1 62245, SN74LVTH1 62245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS260J - JUNE 1993 - REVISED - MARCH 1 998 



SN54LVTH162245 . . . WD PACKAGE 
SN74LVTH1 62245 . . . DGG OR DL PACKAGE 
(TOP VIEW) 




description 

The 'LVTH162245 devices are 16-bit (dual-octal) noninverting 3-state transceivers designed for low-voltage 
(3.3-V) Vcc operation, but with the capability to provide a TTL interface to a 5-V system environment. 



Widebus is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA information is current as of publication date. 

Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing doM not necessarily Include 
testing of all parameters. 



POST OFFICE BOX 655303 • DALUS, TEXAS 75285 
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On products compliant to MIL-PRF-38535, all parametere are tested 
unless otherwise noted. On ail other products, production 
processing does not necessarily Include testing of all parsmeters. 
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SN54LVTH1 62245, SN74LVTH1 62245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS260J - JUNE 1 993 - REVISED - MARCH 1 998 

description (continued) 

These devices can be used as two 8-bit transceivers or one 16-bit transceiver. The devices aliow data 
transmission from the A bus to the B bus or from the B bus to the A bus, depending on the iogic levei at the 
direction-controi (DIR) input. The output-enable (OE) input can be used to disable the device so that the buses 
are effectively isolated. 

The A-port outputs, which are designed to source or sink up to 12 mA, include equivalent 22-ii series resistors 
to reduce overshoot and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1.5 V, the devices are in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH 1 62245 is characterized for operation over the full military temperature range of-55°C to 1 25°C. 
The SN74LVTH 162245 is characterized for operation from -40°C to 85°C. 
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SN54LVTH1 62245, SN74LVTH1 62245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS260J-JUNE 1993 - REVISED - MARCH 1998 
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SN54LVTH1 62245, SN74LVTH 162245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS260J - JUNE 1993 - REVISED - MARCH 1998 



absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcq -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH 162245 (B port) 96 mA 

SN74LVTH1 62245 (B port) 128mA 

A port 30 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH1 62245 (B port) 48 mA 

SN74LVTH162245(Bport) 64 mA 

A port 30 mA 

Input clamp current, I|k (V| < 0) > -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 8 ja (see Note 3): DGG package 89°C/W 

DL package 94°C/W 

Storage temperature range, Tgtg -65°Cto150°C 



t Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is In the high state and Vq > 

3. The package thermal Impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 





SN54LVTH 162245 


SN74LVTH 162245 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


V|H High-level input voltage 


2 


2 


V 


V||_ Low-level input voltage 


0.8 


0.8 


V 


V| Input voltage 


5.5 


5.5 


V 


lOH High-level output current 


A port 


-12 


-12 


mA 


B port 


-24 


-32 


Iql Low-level output current 


A port 


12 


12 


mA 


B port 


48 


64 


At/Av Input transition rise or fall rate 


Outputs enabled 


10 


10 


ns/V 


At/AVcc Power-up ramp rate 


200 


200 


ps/V 


Ta Operating free-air temperature 


-55 125 


^0 85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vcc ® ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH1 62245, SN74LVTH1 62245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS260J - JUNE 1993 -REVISED - MARCH 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH162245 


SN74LVTH1 62245 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1 .2 


-1.2 


V 


VOH 


A port 


Vcc = 2.7 V to 3.6 V, Iqh = -1 0° fiA 


Vcc-O-2 


Vcc-O-2 


V 


Vcc = 3V, IOH = -12mA 


2 


2 


B port 


Vcc = 2.7 V to 3.6 V. Iqh = -1 00 pA 


Vcc-O-2 


Vcc-0.2 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


> 

CO 

II 

O 

O 

> 


Iqh - “24 mA 


2 




Iqh = -32 mA 




2 


VoL 


A port 


Vcc = 2.7 V to 3.6 V, Iql = 1 00 pA 


0.2 


0.2 


V 


Vcc = 3V, Iql = 12 mA 


0.8 


0.8 


B port 


Vcc = 2.7 V 


Iql = 100 (iA 


0.2 


0.2 


Iql - 24 mA 


0.5 


0.5 


Vcc = 3 V 


IOL= 16 mA 


0.4 


0.4 


Iql - 32 mA 


0.5 


0.5 


Iql - 48 mA 


0.55 




Iql = 04 mA 




0.55 


1 


Control 

inputs 


Vcc = 3.6 V, V| = Vcc ot GND 


±1 


±1 


pA 


Vcc = 0 or 3.6 V. V[ = 5.5 V 


10 


10 


A or B ports 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = Vcc 


5 


5 


V| = 0 


-10 


-10 


'off 


Vcc = 0* V] or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


A or B ports 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


> 

CM 

II 

> 


-75 


-75 


'OZPU 


Vcc = 0 to 1 .5 V, Vo = 0.5 V to 3 V, OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vcc = 1 -5 V to 0, Vq = 0.5 V to 3 V, OE = don't care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6 V, 
io = o, 

V| = Vcc Of gnd 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0.6 V, 
Other inputs at Vcc o'' 


0.3 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


pF 


Cjo 


Vq = 3 V or 0 


10 


10 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V Ta = 25°C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc GND. 
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SN54LVTH1 62245, SN74LVTH1 62245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS260J - JUNE 1 993 - REVISED - MARCH 1998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 









SN54LVTH162245 


SN74LVTH162245 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




•PLH 




B 


1 


3.5 


4 


1 


2.3 


3.3 


3.7 


ns 


tPHL 




1 


3.5 


3.9 


1 


2.2 


3.3 


3.5 


tpLH 


B 




1 


4.3 


5.3 


1 


2.8 


4 


4.6 


ns 


>PHL 




1 


4.2 


4.5 


1 


2.5 


3.4 


3.6 


tpZH 


oi 


B 


1 


4.8 


5.9 


1 


2.8 


IS 


5.4 


ns 


tpZL 


1 


4.8 


5.5 


1 


3 


IS 


5.2 


tpZH 


OE 




1 


5.5 


7.2 


1 


3.3 


5.3 


6.3 


ns 


tPZL 




1 


5.4 


6.4 


1 


3.3 


5.1 


5.8 


*PHZ 


OE 


B 


1.5 


5.5 


5.8 


1.5 


3.8 


5.2 


5.5 


ns 


tPLZ 


1.5 


5.5 


5.8 


1.5 


3.5 


5.1 


5.4 


tpHZ 






1.5 


5.8 


6.5 


1.5 


4 


5.6 


5.9 


ns 


tPLZ 






1.2 


6.3 


6.3 


1.5 


3.8 


5.5 


5.5 


^sk{o)^ 










0.5 




ns 



t All typical values are at Vqc = 3.3 V, Ta = 25°C. 

i Skew between any two outputs of the same package switching in the same direction 
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SN54LVTH1 62245, SN74LVTH1 62245 
3.3-V ABT 16-BIT BUS TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS260J-JUNE 1 993 - REVISED - MARCH 1 998 



PARAMETER MEASUREMENT INFORMATION 



0 6V 





TEST 


S1 


*PLH/*PHL 

•PLZ/tPZL 

tPHZrtpZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




2.7 V 
OV 



2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 






2.7 V 
0 V 



I I 

„ tpzL-»| -H k-«PLZ 

Output I I II 

Waveform 1 ^ i | ^ ^ 

SI at 6 V 1 \1-5V ] yvoL + 0.3V 

(see Note B) 



tpZH -►! l4— — ►! [^ tPHZ 

Output I 

Waveform 2 
SI at GND 
(see Note B) 



/,.,v 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. C|_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 Is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR ^10 MHz, Zq == 50 Q, tf ^ 2.5 ns, tf ^ 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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SN54LVTH16373, SN74LVTH16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS1 44J - MAY 1 992 - REVISED MARCH - 1 998 



• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signai Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-impedance State During Power Up 
and Power Down 

• Typicai Vqi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hoid on Data inputs Eliminates the 
Need for Externai Puiiup/Pulidown 
Resistors 

• Power Off Disabies Outputs, Permitting 
Live insertion 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MiL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Modei (C = 200 pF, R = 0) 

• Package Options Inciude Piastic 300-mii 
Shrink Smaii-Outline (DL) and Thin Shrink 
Smaii-Outiine (DGG) Packages and 380-mii 
Fine-Pitch Ceramic Fiat (WD) Package 
Using 25-mii Center-to-Center Spacings 



SN54LVTH16373 . . . WD PACKAGE 
SN74LVTH 16373... DGG OR DL PACKAGE 
(TOP VIEW) 




description 

The ’LVTH16373 devices are 16-bit transparent D-type latches with 3-state outputs designed for iow-voitage 
(3.3-V) Vcc operation, but with the capabiiity to provide a TTL interface to a 5-V system environment. These 
devices are particulariy suitabie for implementing buffer registers, I/O ports, bidirectional bus drivers, and 
working registers. 

These devices can be used as two 8-bit iatches or one 16-bit latch. When the latch-enable (LE) input is high, 
the Q outputs follow the data (D) inputs. When LE is taken low, the Q outputs are latched at the levels set up 
at the D inputs. 



Widebus is a trademark of Texas Instruments Incoroorated. 



PRODUCTION DATA Information is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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unless otherwise noted. On all other products, production 
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SN54LVTH16373, SN74LVTH16373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS1 44J - MAY 1 992 - REVISED MARCH - 1998 



description (continued) 

A buffered output-enable (^) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state, in the high-impedance state, the outputs neither load nor drive 
the bus lines significantiy. The high-impedance state and the increased drive provide the capability to drive bus 
lines without interface or pullup components. 

^ does not affect internal operations of the latch. Old data can be retained or new data can be entered whiie 
the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH 1 6373 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH 16373 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 8-blt section) 



INPUTS 


OUTPUT 

Q 


OE 


LE 


D 


B 






H 


B 






L 


B 






Qo 




■■ 




z 
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3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 
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SN54LVTH16373, SN74LVTH16373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS1 44J - MAY 1 992 - REVISED MARCH - 1 998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0-5 

Current into any output in the low state, io: SN54LVTH16373 96 mA 

SN74LVTH16373 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16373 48 mA 

SN74LVTH 16373 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 6 ja (see Note 3): DGG package 89°CA/V 

DL package 94°CA/V 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedahce is calcuiated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







1 SN54LVTH 16373 | 


1 SN74LVTH16373 


UNIT 






MIN 


MAX 




MAX 


Vcc 


Supply voltage 


2.7 


3.6 


1 2.7 


3.6 


V 


ViH 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


lOH 


High-level output current 


-24 


-32 


mA 


■OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate | 


1 Outputs enabled | 


10 


10 


nsA/ 


At/AVcc 


Power-up ramp rate 


200 


200 


\is/V 


Ta 


Operating free-air temperature 


1 -55 


125 


-^0 


85 


»c 



NOTE 4: All unused control Inputs of the device must at Vcc o'" GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH16373, SN74LVTH16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS1 44J - MAY 1 992 - REVISED MARCH - 1 996 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16373 


SN74LVTH16373 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7V, l| = -18mA 


-1.2 


-1 .2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, lOH = -1 00 pA 


VcC-0.2 


Vcc-0.2 


V 


Vcc = 2.7V, IOH = -8 p>A 


2.4 


2.4 


VCC=3V 


IqH = -24 mA 


2 




IqH = -32 mA 




2 


Vql 


Vcc = 2.7 V 


IOL== 100 )iA 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 




IOL= 16 mA 


0.4 


0.4 


Vcc=3V 


'OL - 32 mA 


0.5 


0.5 


'OL- ^ mA 


0.55 




'OL = 04 




0.55 


l| 




Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc Of GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = V| or Vq = 0 to 4.5 V 




±100 


uA 


l|(hold) 


Data inputs 


VCC = 3V 


V| = 0.8 V 


75 


75 


pA 


< 

II 

ro 

< 


-75 


-75 


toZH 


Vcc = 3.6 V, Vq = 3 V 


5 


5 


pA 


lOZL 


Vcc = 3.6 V, Vq = 0.5 V 


-5 


-5 


pA 


lOZPU 


Vcc = 0 to 1 .5 V. Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


'OZPD 


^C = 1 .5 V to 0. Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6V, lo = 0, 
V| = Vcc Of gnd 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V. One input at Vcc ~ 0.6 V, 
Other inputs at Vcc of GND 


0.2 


0.2 


mA 


C| 


V| = 3 V or 0 


3 


3 


PF 


Co 


Vq = 3 V or 0 


9 


9 


PF 



* On products compliant to MIL-PRF-38535, this parameter Is not production tested, 
t All typical values are at Vqq = 3-3 V, Ta = 25°C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqc or GND. 
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SN54LVTH16373, SN74LVTH16373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS144J - MAY 1992 - REVISED MARCH - 1998 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 







SN54LVTH16373 


SN74LVTH 16373 










Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




'w 


Pulse duration, LE high 


3 


3 


3 


3 


ns 


^su 


Setup time, data before LEi 


2 


2 


1 


0.6 


ns 


th 


Hold time, data after LEi 


3 


3.3 


1 


1.1 


ns 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 









SN54LVTH16373 


SN74LVTH16373 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 


D 




1.4 


4.5 


5.2 


1.5 


2.7 


3.8 


4.2 


ns 


tPHL 




1.4 


4.4 


4.8 


1.5 


2.5 


3.6 


4 


tPLH 


LE 




1.8 


5.5 


5.8 


2.1 


3 




4.8 


ns 


'PHL 




1.8 


5.2 


5.6 


2.1 


2.9 


4 


4 


*PZH 


OE 




1.4 


5.7 


6.7 


1.5 


2.8 




5.1 


ns 


tpZL 




1.4 


5.5 


6 


1.5 


2.8 


ES 


4.7 


*PHZ 


OE 


Q 


2 


6 


6.2 


2.4 


3.5 


5 


5.4 


ns 


tPLZ 


1.4 


5.2 


5.6 


2 


3.2 


4.7 


4.8 


^sk{o)^ 










0.5 




ns 



t All typical values are at Vqq = 3.3 V, Ta = 25°C, 

t Skew between any two outputs of the same package switching in the same direction 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



3-70 




























































































SN54LVTH16373, SN74LVTH16373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS144J - MAY 1992 - REVISED MARCH - 199B 



PARAMETER MEASUREMENT INFORMATION 



O 6 V 





TEST 


SI 


tPLH/tPHL 

•PLZ/tpZL 

*PHZ/*PZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




2.7 V 
0 V 



2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input ) | (l5V 




VOLTAGE WAVEFORMS 
PROPAGATION DELAYTIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 



Output 
Waveform 2 
SI at GND 
(see Note B) 






1.5 V 



tPZL-»l ->| k-tpLZ 

U I I 

I 
I 
I 

•PZH -W 



2.7 V 
0 V 



3 V 
VoL 



I j^ L + O-SV 

, I I 

rt— — H |4— tpHZ 

y,..v UoiT-ir.'"’" 
/ ^ «ov 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. includes probe and jig capacitance. 

B. Waveform 1 is for an output with Internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output Is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR <10 MHz, Zq = 50 ii, t|- ^ 2.5 ns, tf < 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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SN54LVTH1 62373, SN74LVTH1 62373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS261I- JULY 1993 -REVISED MARCH 1998 

• Members of the Texas Instruments sns 4 lvthi 62373... wd package 

Widebus™ Familv sn 74 Lvthi 62373 . . . dgg or dl package 

^ (TOP VIEW) 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Output Ports Have Equivaient 22-0 Series 
Resistors, So No Externai Resistors Are 
Required 

• Support Mixed-Mode Signai Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unreguiated Battery Operation 
Down to 2.7 V 

• High-impedance State During Power Up 
and Power Down 

• Typicai Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25X 

• Bus Hoid on Data inputs Eiiminates the 
Need for Externai Puiiup/Puiidown 
Resistors 

• Power Off Disabies Outputs, Permitting 
Live Insertion 

• Distributed Vcc ^^13 Pin Configuration 
Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Modei (C = 200 pF, R = 0) 

• Package Options inciude Piastic 300-mii 
Shrink Smali-Outline (DL) and Thin Shrink 
Smaii-Outiine (DGG) Packages and 380-mii 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mii Center-to-Center Spacings 

description 

The ’LVTH162373 devices arel 6-bit transparent D-type latches with 3-state outputs designed for low-voltage 
(3.3-V) Vcc operation, but with the capability to provide a TTL interface to a 5-V system environment. These 
devices are particularly suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, and 
working registers. 




Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA Information is current as of publication date. 
Products conform to specifications per tbe terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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Copyright © 1 998, Texas Instruments Incorporated 
On products compliant to MIL-PRF-38535, all parameters are tested 
unless otherwise noted. On all other products, production 
processing does not necessarily include testing of all parameters. 
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SN54LVTH1 62373, SN74LVTH 162373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS261 1 - JULY 1 993 - REVISED MARCH 1 998 



description (continued) 

These devices can be used as two 8-bit latches or one 16-bit latch. When the latch-enable (LE) input is high, 
the Q outputs follow the data (D) Inputs. When LE is taken low, the Q outputs are latched at the levels set up 
at the D inputs. 

A buffered output-enable (^) input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without interface or pullup components. 

OE does not affect internal operations of the latch. Old data can be retained or new data can be entered while 
the outputs are in the high-impedance state. 

The outputs, which are designed to source or sink up to 12 mA, include equivalent 22-£2 series resistors to 
reduce overshoot and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH1 62373 is characterized for operation over the full military temperature range of-55°C to 125°C. 
The SN74LVTH 162373 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 8'bit section) 



1 INPUTS 


OUTPUT 

Q 


|0E_ 


LE 


D 


B 






H 


II 






L 


B 




B 


Qo 




■■ 


B 


2 
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SN54LVTH1 62373, SN74LVTH1 62373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS261 1 - JULY 1 993 - REVISED MARCH 1 998 
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SN54LVTH1 62373, SN74LVTH1 62373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS261 1 - JULY 1 993 ~ REVISED MARCH 1 998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output In the high-Impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 9 ja (see Note 3): DGG package 89°C/W 

DL package 94°C/W 

Storage temperature range, Tgtg -65°Cto150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 





SN54LVTH 162373 


SN74LVTH1 62373 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


2.7 3.6 


CD 

CO 

csi 


V 


V|H High-level input voltage 


2 


2 


V 


V|L Low-level input voltage 


0.8 


0.8 


V 


V| Input voltage 


5.5 


5.5 


V 


Iqh High-level output current 


-12 


-12 


mA 


Iql Low-level output current 


12 


12 


mA 


At/Av Input transition rise or fall rate | Outputs enabled 


10 


10 


nsA/ 


At/AVcc Power-up ramp rate 


200 


200 


ps/V 


Ta Operating free-aIr temperature 


-55 125 


^0 85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH1 62373, SN74LVTH1 62373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS261 1 - JULY 1 993 - REVISED MARCH 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH162373 


SN74LVTH162373 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, ll = -18mA 


-1 .2 


-1 .2 


V 


VOH 


VCC = 3V, IOH = -12mA 


2 


2 


V 


VOL 


Vqc = 3 V, Iql = 2 mA 


0.8 


0.8 


V 


■ 




Vcc = 0 3-6 V, Vi = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc ot <3ND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


I 'off 


|vcc = 0, V|orVo = 0to4.5V | 




±100 


pA 


1 1 (hold) 


A inputs 


VCC=3V 


I V| = 0.8 V 


75 


75 


pA 


> 

CM 

n 

> 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


pA 


lOZL 


Vcc = 3.6 V, Vo = 0.5 V 


-5 


-5 


pA 


Iqzpu 


Vcc = 0 to 1 .5 V. Vo = 0.5 V to 3 V, 
OE = don't care 


±100* 


±100 


pA 


lOZPD 


Vcc = 1 .5 V to 0. Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6V.Io = 0. 
V| = Vqc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec* 


Vcc = 3 V to 3.6 V, One input at Vcc ” 3-6 V, 
Other inputs at Vcc o'" 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


3 


3 


pF 


Co 


Vo = 3 V or 0 


9 


9 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, Ty\ = 25°C. 

t This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc GND. 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 







1 SN54LVTH1 62373 


I SN74LVTH1 62373 








Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 




Vcc = 2.7 V 


UNIT 






MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




tw 


Pulse duration, LE high 


3 


3 


3 


3 


ns 


tsu 




1.3 


0.6 


1 


0.6 


ns 


th 


Hold time, data after LEJ- | 


1 


1.1 


1 


1.1 


ns 





















































































































SN54LVTH1 62373, SN74LVTH1 62373 

3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS2611 - JULY 1993- REVISED MARCH 1998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 









SN54LVTH1 62373 


1 SN74LVTH1 62373 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 






1.8 


5 


5.7 


1.9 


3.1 


4.6 


5.1 


ns 


tPHL 






1.8 


4.4 


4.8 


1.9 


2.8 


4 


4.3 


tPLH 


LE 




2.1 


5.4 


6.2 


2.2 


3.4 


5.1 


5.8 


n$ 


*PHL 




2.1 


4.9 


4.7 


2.2 


3.2 


■o 


4.3 


•PZH 


OE 




1.7 


5.6 


7 


1.8 


3.2 


5.4 


6.6 


ns 


tpZL 




1.7 


5.3 


5.9 


1.8 


3.2 




5.5 


tPHZ 


OE 




2.3 


6.3 


6.6 


2.4 


3.8 


5.4 


5.7 


ns 


tPLZ 




1 


7.4 


6.4 


2.2 


3.5 


5.1 


5 


*sk(o)^ 










0.5 




ns 



t All typical values are at Vcq = 3.3 V, T/\ = 25'’C. 

t Skew between any two outputs of the same package switching in the same direction 
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SN54LVTH1 62373, SN74LVTH1 62373 
3.3-V ABT 16-BIT TRANSPARENT D-TYPE LATCHES 

WITH 3-STATE OUTPUTS 

SCBS261 1 - JULY 1 993 - REVISED MARCH 1 998 



PARAMETER MEASUREMENT INFORMATION 



06V 




TEST 


SI 


*PLH/*PHL 

tpLZrtpZL 

tPHZftpZH 


Open 

6V 

GND 



LOAD CIRCUIT \ / 

Timing Input 1 .5 V 



LOAD CIRCUIT \ / 

Timing Input 1 .5 V 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 



X ' 



1.5 V 




VoL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAYTIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 






■2.7 V 
■0 V 



„ ‘EZL-*! ► 

Output I I 

Waveform 1 



-►t l^tPLZ 

I I 



SI at 6 V 
(see Note B) 

Output 
Waveform 2 
SI at GND 
(see Note B) ' 



I Kl*0.3V.. 

I N ^ VOL 

tpZH-^l ^ l^tPHZ 

I I 



;n,voH 

V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW> AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 

C. 

D. 



C[_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR ^ 1 0 MHz. Zq = 50 O, V < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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SN54LVTH16374, SN74LVTH16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

^ SCSSUSK- MAY 1992 - REVISED APRIL 1998 

• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signai Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unreguiated Battery Operation 
Down to 2.7 V 

• High-impedance State During Power Up 
and Power Down 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, T^ = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for Externai Puiiup/Puiidown 
Resistors 

• Power Off Disabies Outputs, Permitting 
Live insertion 

• Distributed Vcc ^^^D Pin Configuration 
Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• Package Options Include Plastic 300-mil 
Shrink Smali-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 380-mii 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mii Center-to-Center Spacings 

description 

The ’LVTH 16374 devices are 16-bit edge-triggered D-type flip-flops with 3-state outputs designed for 
low-voltage (3.3-V) Vcc operation, but with the capability to provide a TTL interface to a 5-V system 
environment. These devices are particularly suitable for implementing buffer registers, i/O ports, bidirectional 
bus drivers, and working registers. 

These devices can be used as two 8-bit flip-flops or one 16-bit flip-flop. On the positive transition of the clock 
(CLK), the Q outputs of the flip-flop take on the logic levels set up at the data (D) inputs. 




Widebus is a trademark of Texas Instruments incorporated. 



PRODUCTION DATA Information Is current as of publication date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily Include 
testing of all parameters. 
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On products compliant to MIL-PRF-38S35, all parameters are tested 
unless otherwise noted. On all other products, production 
processing does not necessarily Include testing of all parameters. 
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SN54LVTH16374, SN74LVTH16374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS145K- MAY 1992 - REVISED APRIL 1998 



description (continued) 

A buffered output-enable (OE) input can be used to place the eight outputs in either a normal logic state (high 
or low logic ievels) or a high-impedance state. In the high-impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

OE does not affect internal operations of the flip-flop. Old data can be retained or new data can be entered while 
the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH 1 6374 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH 16374 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each flip-flop) 



1 INPUTS 


OUTPUT 

Q 


OE 


CLK 


D 


L 


T 


H 


H 


L 


T 


L 


L 


L 


H or L 


X 


Qo 


H 


X 


X 


z 
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SN54LVTH16374, SN74LVTH16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS1 45K - MAY 1 992 - REVISED APRIL 1 998 

logic symbolt 




t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and lEC Publication 61 7-12, 



logic diagram (positive logic) 




To Seven Other Channels To Seven Other Channels 
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SN54LVTH16374, SN74LVTH16374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS1 45K - MAY 1 992 - REVISED APRIL 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0-5 V 

Current into any output in the low state, Iq: SN54LVTH16374 96 mA 

SN74LVTH 16374 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16374 48 mA 

SN74LVTH 16374 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, Oj^ (see Note 3): DGG package 89°C/W 

DL package 94°CAIV 

Storage temperature range, Tstg -65°Cto150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output Is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated In accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH16374 


SN74LVTH16374 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 


2 


V 


V|L 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'oh 


High-level output current 


-24 


-32 


mA 


'OL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


nsA/ 


dt/dVcc 


Power-up ramp rate 


200 


200 


psAf 


Ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 4: All unused control Inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Ti appiication report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH16374, SN74LVTH 16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS145K- MAY 1 992 - REVISED APRIL 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16374 


SN74LVTH16374 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1 .2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, IOH = -10°PA 


Vcc-0.2 


Vcc-0.2 


■ 


Vcc = 2.7 V, IqH = -8 mA 


2.4 


2.4 


Vcc=3V 


lOH = “24 mA 


2 




IqH = -32 mA 




2 


VoL 


Vcc = 2.7 V 


lOL = 100 nA 


0.2 


0.2 


1 


Iql = 24 mA 


0.5 


0.5 


Vcc = 3 V 


lOL = 16 mA 


0.4 


0.4 


!OL - 32 mA 


0.5 


0.5 


lOL = 48 mA 


0.55 




lOL - 64 mA 




0.55 


l| 




Vcc = 0 Of 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc or GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


< 

II 

O 


-5 


-5 


'off 


Vcc = 0. V| or Vo = 0 to 4.5 V 




±100 


pA 


1 1 (hold) 


Data inputs 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


V| = 2 V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


pA 


'OZL 


Vcc = 3.6 V, Vo = 0.5 V 


-5 


-5 


pA 


'OZPU 


Vcc = 0 to 1.5 V, Vo = 0.5 V to 3 V, 
OE = don't care 


±100» 


+100 


pA 


lOZPD 


Vcc = 1 .5 V to 0. Vo = 0.5 V to 3 V, 
OE = don’t care 


±100'* 


±100 


pA 


'cc 


Vcc = 3.6V, lo = 0. 
Vi = Vcc or GND 


Ou^uts high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vcc “ 3-® 
Other inputs at Vcc or GND 


0.2 


CM 

d 


mA 


Ci 


V| = 3 V or 0 


3 


3 


PF 


Co 


Vo = 3 V or 0 


9 


9 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqq = 3.3 V, Ta = 25°C. 

t This is the increase in supply current for each input that Is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVTH16374, SN74LVTH16374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS1 45K - MAY 1 992 -REVISED APRIL 1998 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 









SN54LVTH16374 


SN74UVTH16374 










Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 

±0.3V 


Vcc = 2.7 V 


UNIT 








MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 




*ciock 


Ciock frequency 




160 


160 


160 


160 


MHz 


tw 






3 


3 


3 


3 


ns 


^su 




High or low 


2.9 


3.3 


1.8 


2 


ns 


th 


Hold time, data after CLKt 


High or low 


0.8 


0.2 


0.8 


0.1 


ns 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH16374 


SN74LVTH16374 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 

±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


^max 






160 


160 


160 


160 


MHz 


tPLH 


CLK 


Q 


1.4 5.6 


6.2 




5.2 


ns 


*PHL 


1.7 4.8 


5 


2.1 2.9 4 


4.2 


tpZH 


OE 


Q 


1 5.6 


6.4 




5.4 


ns 


<PZL 


1.4 5.5 


6.2 


1.5 2.8 4.4 


5 


tPHZ 


OE 


Q 


1 6.4 


6.9 


2.4 3.5 5 


5.4 


ns 


tPLZ 


1.7 5 


5.2 


2 3.2 4.6 


4.8 


Isk(o)^ 










0.5 




ns 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 
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SN54LVTH16374, SN74LVTH16374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS14SK- MAY 1992- REVISED APRIL 1998 



PARAMETER MEASUREMENT INFORMATION 



O 6 V 





TEST 


SI 


‘PLH/tPHL 

tPLZftpZL 

‘PHZftpZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




2.7 V 
0 V 



2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



) iF r 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



VtTv 'Vi.sv 
A! 

*PZL— -►! ^*-‘PLZ 

L- I I ^ 

I I 

*PHZ 



tpZH 



2.7 V 

0 V 

3 V 

,3 V 

VoL 



Vqh 

0.3 V 

-OV 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions suoh that the output Is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £1, tr < 2.5 ns, tf < 2,5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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SN54LVTH1 62374, SN74LVTH1 62374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS262H - JULY 1 993 - REVISED APRIL 1 998 



Members of the Texas Instruments 
Widebus™ Family 
State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

Output Ports Have Equivaient 22-0 Series 
Resistors, So No Externai Resistors Are 
Required 

Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

Support Unreguiated Battery Operation 
Down to 2.7 V 

High-Impedance State During Power Up 
and Power Down 

Typicai Voi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, Ta = 25°C 
Bus Hoid on Data inputs Eliminates the 
Need for Externai Puiiup/Puiidown 
Resistors 

Power Off Disabies Outputs, Permitting 
Live insertion 

Distributed Vcc ^^13 Pin Configuration 
Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes PCB 
Layout 

Latch-Up Performance Exceeds 500 mA Per 
JESD17 

ESD Protection Exceeds 2000 V Per 
MiL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 
Package Options include Plastic 300-mil 
Shrink Smali-Outiine (DL) and Thin Shrink 
Smaii-Outiine (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Fiat (WD) Package 
Using 25-mil Center-to-Center Spacings 




description 

The ’LVTH 162374 devices are 16-bit edge-triggered D-type flip-flops with 3-state outputs designed for 
low-voltage (3.3-V) Vcc operation, but with the capability to provide a TTL interface to a 5-V system 
environment. They are particularly suitable for implementing buffer registers, I/O ports, bidirectional bus drivers, 
and working registers. 



Widebus is a trademark of Texas Instruments Incorporated. 



PRODUCTION DATA information la current as of pubiieation date. 
Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production proc^ng does not necessarily inciude 
testing of sii parameters. 
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SN54LVTH1 62374, SN74LVTH1 62374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS262H- JULY 1993 -REVISED APRIL 1998 



description (continued) 

These devices can be used as two 8-bit flip-flops or one 16-bit flip-flop. On the positive transition of the clock 
(CLK), the Q outputs of the flip-flop take on the logic levels set up at the D inputs. 

A buffered output-enable (OE) Input can be used to place the eight outputs in either a normal logic state (high 
or low logic levels) or a high-Impedance state. In the high-Impedance state, the outputs neither load nor drive 
the bus lines significantly. The high-impedance state and the increased drive provide the capability to drive bus 
lines without need for interface or pullup components. 

OE does not affect internal operations of the flip-flop. Old data can be retained or new data can be entered while 
the outputs are in the high-impedance state. 

The outputs, which are designed to source or sink up to 12 mA, include equivalent 22-0 series resistors to 
reduce overshoot and undershoot. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH1 62374 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH 162374 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each flip-flop) 



INPUTS 


OUTPUT 

Q 


OE 


CLK 


D 


L 


T 


H 


H 


L 


T 


L 


L 


L 


H or L 


X 


Qo 


H 


X 


X 


z 
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SN54LVTH1 62374, SN74LVTH1 62374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS262H - JULY 1993 - REVISED APRIL 1998 

logic symbolt 




tThis symbol is in accordance with ANSi/IEEE Std 91-1984 and lEC Publication 617-12. 



logic diagram (positive logic) 




To Seven Other Channels To Seven Other Channels 
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SN54LVTH1 62374, SN74LVTH1 62374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS262H - JULY 1993 - REVISED APRIL 1998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 0 ja (see Note 3): DGG package 89°CA/V 

DL package 94°CA/V 

Storage temperature range, Tgtg -65°Cto150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > VcC- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 





SN54LVTH 162374 


SN74LVTH162374 


UNIT 


MIN MAX 


MIN MAX 


Vqc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


V||-| High-level input voltage 


2 


2 


V 


V||_ Low-level input voltage 


0.8 


0.8 


V 


V| Input voltage 


5.5 


5.5 


V 


^OH High-level output current 


-12 


-12 


mA 


Iql Low-level output current 


12 


12 


mA 


At/Av Input transition rise or fall rate | Outputs enabled 


10 


10 


ns/y 


At/AVcc Power-up ramp rate 


200 


200 


\isN 


Ta Operating free-air temperature 


-55 125 


-40 85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vcc O'" GND to ensure proper device operation. Referto the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH1 62374, SN74LVTH1 62374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS262H - JULY 1 993 - REVISED APRIL 1 99B 

electrical characteristics over recommended operating free-air temperature range (uniess 
otherwise noted) 




* On products compliant to MIL-PRF-38535, this parameter Is not production tested, 
t All typical values are at Vcc = 3-3 V, = 25°C. 

tXhis is the increase in supply current for each input that is at the specified TTL voltage level rather than Vqc o'" GND. 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 
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SN54LVTH1 62374, SN74LVTH1 62374 

3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS262H - JULY 1 993 - REVISED APRIL 1 998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH1 62374 


1 SN74LVTH162374 | 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 








160 


160 


160 


160 


MHz 


tPLH 


CLK 


Q 


1.4 6.6 


7.4 


2 3.4 5.3 


6.2 


ns 


tPHL 


1.4 5.8 


6 


2.2 3.3 4.9 


5.1 


tpZH 


OE 


Q 


1 6.6 


7.4 


1.8 3.5 5.6 


6.9 


ns 


tpZL 


1.4 6 


6.8 




6 


tPHZ 


OE 


Q 


1 6.6 


7.4 


2.4 4.2 5.4 


5.7 


ns 


tpLZ 


1.4 6 


6 


2 3.8 5 


5.1 


^sk(o)^ 










0.5 




ns 



t All typical values are at Vqq = 3.3 V, T/\ = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 
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SN54LVTH1 62374, SN74LVTH1 62374 
3.3-V ABT 16-BIT EDGE-TRIGGERED D-TYPE FLIP-FLOPS 

WITH 3-STATE OUTPUTS 

SCBS262H - JULY 1 993 - REVISED APRIL 1998 



PARAMETER MEASUREMENT INFORMATION 



O 6V 




TEST 


SI 


•PLH/tPHL 

tpLZ/tpZL 

tPHZftpZH 


Open 
6 V 
GND 



LOAD CIRCUIT 




VOLTAGE WAVEFORMS 
PULSE DURATION 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



2.7 V 
0 V 

2.7 V 
0 V 



Input 



^1.5 V 



tPLH “1^ ^ 

Output I yi.5V 



W ►)- tpHL 



2.7 V 
0 V 



_L 



*PHL 



Output 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



X’ ” ) ( 



1.5 V 



-2.7 V 
-0 V 



. . . tpZL-^l W— -P| 1^‘PLZ 

Output I I I I 

Waveform 1 ' - ' 



SI at 6 V 
(see Note B) 



I 



3 V 
VOL 



I K l^0.3V 

I I I I 

*PZH-P| ^ -W f*-tpHZ 

Output \ I 

Waveform 2 J/— 3jr---^VoH 

SlatGND ^1-5V 

(see Note B) ' ^ 0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 Is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR S 10 MHz, 2 q = 50 O, tr<2.5 ns, tf<2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voltage Waveforms 
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SN54LVTH16500, SN74LVTH16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 



SCBS701 B - JULY 1 997 - REVISED MARCH 1 998 



• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• UBT™ (Universai Bus Transceiver) 
Combines D-Type Latches and D-Type 
Flip-Flops for Operation in Transparent, 
Latched, or Clocked Mode 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 



SN54LVTH16500 . . . WD PACKAGE 
SN74LVTH16500 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



OEAB [ 


1 


T3T- 

56 


] 


GND 


LEAB [ 


2 


55 


] 


CLKAB 


A1[ 


3 


54 


1 


B1 


GND [ 


4 


53 


] 


GND 


A2 [ 


5 


52 


] 


B2 


A3 [ 


6 


51 


] 


B3 


Vcc [ 


7 


50 


] 


Vcc 


A4 [ 


8 


49 


] 


B4 


A5 [ 


9 


48 


] 


B5 


A6 [ 


10 


47 


] 


B6 


GND [ 


11 


46 


] 


GND 


A7[ 


12 


45 


] 


B7 


A8 [ 


13 


44 


] 


B8 


A9 [ 


14 


43 


] 


B9 


A10 [ 


15 


42 


] 


B10 


Alt [ 


16 


41 


] 


B11 


A12 [ 


17 


40 


] 


B12 


GND [ 


18 


39 


] 


GND 


A13 [ 


19 


38 


] 


B13 


A14 [ 


20 


37 


] 


B14 


A15 [ 


21 


36 


] 


B15 


Vcc i 


22 


35 


] 


Vcc 


A16 [ 


23 


34 


] 


B16 


A17 [ 


24 


33 


] 


B17 


GND [ 


25 


32 


] 


GND 


A18 [ 


26 


31 


] 


B18 


OEBA [ 


27 


30 


] 


CLKBA 


LEBA [ 


28 


29 


] 


GND 



description 



The ’LVTH1 6500 devices are 1 8-bit universal bus transceivers designed for iow-voltage (3.3-V) Vcc operation, 
but with the capabiiity to provide a TTL interface to a 5-V system environment. 

Data flow i n each d irec tion is c ontrolled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data fl ow, the d evice operates in the transparent mode when 
LEAB is high. When LEAB is low, the A data is iatched if CLKAB is heid at a high or iow logic levei. If LEAB is 
iow, the A data is stored in the iatch/fiip-flop on the high-to-low transition of CLKAB. Output-enable OEAB is 
active high. When OEAB is high, the B-port outputs are active. When OEAB is low, the B-port outputs are in the 
high-impedance state. 



Widebu^n^^^t^radernark^^ex^nstrument^nco^ 

PRODUCT PREVIEW Infomnatlon concerns products In the formative or 
d< sign phase of development. Characterietic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue th«^ products without notice. 
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SN54LVTH16500, SN74LVTH16500 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS701 B - JULY 1 997 - REVISED MARCH 1998 



description (continued) 

Data flow for B to A is similar to that of A to B b ut uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high and OEBA is active low). 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vqc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a puilup resistor 
and OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sinking/current-sourcing capability of the driver. 

The SN54LVTH1 6500 is characterized for operation over the fuli military temperature range of -55°C to 1 25“C. 
The SN74LVTH16500 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLEt 



INPUTS 


OUTPUT 

B 


OEAB 


LEAB 


CLKAB 


A 


L 


X 


X 


X 


Z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


J. 


L 


L 


H 


L 


J. 


H 


H 


H 


L 


H 


X 


Bq4 


H 


L 


L 


X 


Bq§ 



t A-to-B data flow is shown: B-to-A flow is similar but 
uses OEBA, LEBA, and CLKBA. 
t Output level before the indicated steady-state input 
conditions were established 
§ Output level before fhe indicated steady-state input 
conditions were established, provided that CLKAB 
was low before LEAB went low 
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SN54LVTH16500, SN74LVTH16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS701B- JULY 1997 -REVISED MARCH 1998 
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SN54LVTH16500, SN74LVTH16500 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS701 B - JULY 1997- REVISED MARCH 1998 



logic diagram (positive iogic) 




absoiute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vqq -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0-5 V 

Current into any output in the low state, Iq: SN54LVTH 16500 96 mA 

SN74LVTH 16500 128 mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16500 48 mA 

SN74LVTH 16500 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0 ja (see Note 3): DGG package 81 °CM 

DL package 74°CAAf 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reiiabiiity. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are obsen/ed. 

2. This current flows only when the output is in the high state and Vq > Vqq. 

3. The package thermal impedance is calculated in accordance with JESD 51 . 
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SN54LVTH16500, SN74LVTH16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS701 B - JULY 1997 - REVISED MARCH 1996 



recommended operating conditions (see Note 4) 





SNS4LVTH16500 


SN74LVTH16500 


UNIT 


MIN MAX 


MIN MAX 


Vcc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


V|H High-level input voltage 


2 


2 


V 


V|L Low-level input voltage 


0.8 


0.8 


V 


V| Input voltage 


5.5 


5.5 


V 


lOH High-level output current 


-24 


-32 


mA 


Iql Low-level output current 


48 


64 


mA 








At/Av Input transition rise or fall rate Outputs enabled 


10 


10 


nsA/ 


At/AVcc Power-up ramp rate 


200 


200 


\isN 


T/\ Operating free-air temperature 


-55 125 


-40 85 


°c 



NOTE 4: All unused control inputs of the device must be held at Vqq or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH16500, SN74LVTH16500 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS701B- JULY 1997 - REVISED MARCH 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16S00 


SN74LVTH16500 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1 .2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 pA 


Vcc-O-2 


Vcc-0.2 


H 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc = 3 V 


Iqh - “24 mA 


2 




Iqh = -32 mA 




2 


VOL 


Vcc = 2.7 V 


IqL= 100 ^A 


0.2 


0.2 


V 


Iql = 24 mA 


0.5 


0.5 


Vcc = 3 V 


lOL =*16 mA 


0.4 


0.4 


Iqu = 32 mA 


0.5 


0.5 


lOL = ^ niA 


0.55 




Iql = 64 mA 




0.55 


1 


Control inputs 


Vcc = 3.6 V, V| = Vcc ot GND 


±1 


±1 


pA 


Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


A or B portst 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = Vcc 


5 


5 


V| = 0 


-10 


-10 


'off 


Vcc = O' V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


A or B ports 


Vcc=3V 


V| = 0.8 V 


75 


75 


pA 


> 

CM 

II 

> 


-75 


-75 


lOZPU 


V^c = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE/OE = don't care 


±100* 


±100 


pA 


'OZPD 


Vcc = 1 .5 V to 0. Vo = 0.5 V to 3 V, 
OE/OE = don’t care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6 V, 
io = o. 

V| = Vcc O' GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec® 


Vcc = 3 V to 3.6 V, One input at Vcc “ V, 
Other inputs at Vcc 


0.2 


0.2 


mA 


Ci 


V| = 3Vor0 


3.5 


3.5 


pF 


Cjo 


Vq = 3 V or 0 


12 


12 


PF 



• On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, Ta = 25°C. 
t Unused pins at VqC 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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SN54LVTH16500, SN74LVTH16500 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS701 B - JULY 1 997 - REVISED MARCH 1998 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 





SN54LVTH16500 


SN74LVTH16500 


UNIT 




Vcc = 2-7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


•ciock Clock frequency 


150 


125 


150 


125 


MHz 


tvv Pulse duration 


LE high 


3.3 


3.3 


3.3 


3.3 


ns 




3.3 


3.3 


3.3 


3.3 


tsu Setup time 


A before CLKABi 


1.8 


1.1 


1.8 


1.1 


ns 


B before CLKBAi 


1.9 


1.2 


1.9 


1.2 


A or 8 before LEJ. 


CLK high 


2.2 


1.3 


2.2 


1.3 


CLKiow 


2.7 


1.9 


2.7 


1.9 


th Hold time 


A or B after CLKi 


1.2 


1.2 


1.2 


1.2 


ns 


A or B after LEJ. 


0.9 


1.1 


0.9 


1.1 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH16500 


SN74LVTH16500 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 




Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 








150 


125 


150 


125 


MHz 


<PLH 


B or A 


A or B 


1.7 5.8 


7 


1.7 3 5.4 


6.8 


ns 


*PHL 


1.6 6 


7.8 


1.6 3.2 5.9 


7.7 


•PLH 


LEBA or LEAB 


A or B 


2.3 7.3 


8.9 


2.3 4 7 


8.5 


ns 


<PHL 


2.7 8.2 


9.8 


1 


9.7 


'PLH 


CLKBA or 


A or B 


2 7.4 


8.8 


mBKsmm 


8.3 


ns 


tPHL 


CLKAB 


2.4 8.1 


10 


2.4 4.4 7.9 


9.9 


tpZH 


OEBA or OEAB 


AorB 


1.2 5.2 


6.1 


1.2 3 5 


5.9 


ns 


•PZL 


1.5 5.9 


7 


1.5 3 5.8 


6.9 


'PHZ 


OEBA or OEAB 


A or B 


2.7 7.7 


8.6 


2.7 4.6 7.4 


8.3 


ns 


'PLZ 




7.7 


2.8 4.7 6.7 


7.2 


^sk(o)^ 










0.5 




ns 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 
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SN54LVTH16500, SN74LVTH16500 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS7Q-I B - JULY 1 997 - REVISED MARCH 1 998 

PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
SI at GND 
(see Note B) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



Cl includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 SI, t,- < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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SN54LVTH16501, SN74LVTH16501 
3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 



Members of the Texas Instruments 
Widebus™ Family 
State-of-the-Art Advanced BiCMOS 
Technoiogy (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

Support Mixed-Mode Signai Operation (5-V 
Input and Output Voltages With 3.3-V Vcc) 
Support Unreguiated Battery Operation 
Down to 2.7 V 

High-Impedance State During Power Up 
and Power Down 

UBT™ (Universai Bus Transceiver) 
Combines D-Type Latches and D-Type 
Fiip-Fiops for Operation in Transparent, 
Latched, or Ciocked Mode 
Typicai Vqi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 
Bus Hoid on Data Inputs Eliminates the 
Need for Externai Puilup/Puiidown 
Resistors 

Power Off Disabies Outputs, Permitting 
Live Insertion 

Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 
Flow-Through Architecture Optimizes PCB 
Layout 

Package Options Inciude Plastic 300-mil 
Shrink Smali-Outline (DL) and Thin Shrink 
Smaii-Outline (DGG) Packages and 380-mii 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mii Center-to-Center Spacings 



SCBS700B - JULY 1997 - REVISED MARCH 1 998 



SN54LVTH16S01 . . . WD PACKAGE 
SN74LVTH16501 . . . DGG OR DL PACKAGE 





(TOP VIEW) 


OEAB [ 


1 


56 


] GND 


LEAB [ 


2 


55 


] CLKAB 


A1[ 


3 


54 


] B1 


GND [ 


4 


53 


] GND 


A2 [ 


5 


52 


] B2 


A3 [ 


6 


51 


] B3 


Vcc i 


7 


50 


] Vcc 


A4 [ 


8 


49 


] B4 


A5 [ 


9 


48 


] B5 


A6 [ 


10 


47 


] B6 


GND [ 


11 


46 


] GND 


A7[ 


12 


45 


] B7 


A8 [ 


13 


44 


] B8 


A9 [ 


14 


43 


] B9 


AID [ 


15 


42 


] BIO 


All [ 


16 


41 


] Bit 


A12 [ 


17 


40 


] B12 


GND [ 


18 


39 


] GND 


A13 [ 


19 


38 


] B13 


A14 [ 


20 


37 


] B14 


A15 [ 


21 


36 


] B15 


Vcc i 


22 


35 


i Vcc 


A16 [ 


23 


34 


] B16 


A17 [ 


24 


33 


] B17 


GND [ 


25 


32 


] GND 


A18 [ 


26 


31 


] B18 


OEBA [ 


27 


30 


] CLKBA 


LEBA [ 


28 


29 


] GND 



description 

The ’LVTH 1 6501 devices are 1 8-bit universal bus transceivers designed for iow-voltage (3.3-V) Vcc operation, 
but with the capabiiity to provide a TTL interface to a 5-V system environment. 

Data flow in each direction is controiled by output-enable (OEAB and OEBA), latch-enable (LEAB and LEBA), 
and clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the devices operate in the transparent mode when 
LEAB is high. When LEAB is iow, the A data is iatched if CLKAB is heid at a high or iow iogic ievel. If LEAB is 
iow, the A data is stored in the iatch/fiip-flop on the low-to-high transition of CLKAB. When OEAB is high, the 
outputs are active. When OEAB is low, the outputs are in the high-impedance state. 



^idebus^n^U&^r^rademarl^^rrexa^nstrum^^ 



PRODUCT PREVIEW information concema produeW in the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue them products without notice. 
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SN54LVTH16501, SN74LVTH16501 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS700B - JULY 1997 - REVISED MARCH 1998 



description (continued) 

Data flow for B to A is similar to that of A to B b ut uses OEBA, LEBA, and CLKBA. The output enables are 
complementary (OEAB is active high and OEBA is active low). 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vqq through a pullup resistor 
and OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sinking/current-sourcing capability of the driver. 

The SN54LVTH1 6501 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH16501 is characterized for operation from -40°C to 85°C. 



FUNCTtON TABLEt 



INPUTS 


OUTPUT 

B 


OEAB 


LEAB 


CLKAB 


A 


L 


X 


X 


X 


z 


H 


H 


X 


L 


L 


H 


H 


X 


H 


H 


H 


L 


T 


L 


L 


H 


L 


T 


H 


H 


H 


L 


H 


X 


Bq4 


H 


L 


L 


X 


Bo§ 



t A-to-B data flow Is shown: B-to-A flow Is similar but 
uses OEBA, LEBA, and CLKBA, 

4 Output level before fhe Indicated steady-state input 
conditions were established, provided that CLKAB 
was high before LEAB went low 
§ Output level before the Indicated steady-state input 
conditions were established 
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3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
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logic symbolt 



OEAB 

CLKAB 

LEAB 



OEBA 

CLKBA 

LEBA 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

A10 

All 

A12 

A13 

A14 

A15 

A16 

A17 

A18 



55 



10 



12 

13 

14 

15 

16 
17 

19 

20 
21 

23 

24 
26 



Hid 



27 



30 



28 






EN1 
> 2C3 
C3 
G2 
EN4 
5C6 
C6 



NG5 



3D 1 IV 


4V 1 6D 





































54 



52 



51 



49 



48 



47 



45 



44 



43 



42 



41 



40 



38 



37 



36 



34 



33 



31 



B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BIO 

B11 

B12 

B13 

B14 

B15 

616 

B17 

B18 



tjhis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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SN54LVTH16501, SN74LVTH16501 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS700B - JULY 1 997 - RE VISED MARCH 1 998 



logic diagram (positive logic) 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH16501 96 mA 

SN74LVTH 16501 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16501 48 mA 

SN74LVTH16501 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0JA (see Note 3): DGG package 81°CA/V 

DL package 74°CAA/ 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are obsen/ed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance Is calculated in accordance with JESD 51 . 
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recommended operating conditions (see Note 4) 







SN54LVTH16501 


SN74LVTH16501 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level Input voltage 


2 


2 


V 


V|L 


Low-level Input voltage 


0.8 


0.8 


V 


V: 


Input voltage 


5.5 


5.5 


V 


'oh 


High-level output current 


-24 


-32 


mA 


lOL 


Low-level output current 


48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


10 


10 


nsA/ 


At/AVcc 


Power-up ramp rate 


200 


200 


psA/ 


Ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vqq or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



3-109 



PRODUCT PREVIEW 














































PRODUCT PREVIEW 



SN54LVTH16501, SN74LVTH16501 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 




SN54LVTH16501 


SN74LVTH16501 


UNIT 






MIN TYPt MAX 


MIN TYPt MAX 


V|K 


VcC = 2.7V, 


l| = -18mA 


-1.2 


-1 .2 


V 






Vec = 2.7 V to 3.6 V, 


IOH = -100pA 


Vcc-0.2 


Vcc-0.2 




VOH 




Vec = 2.7 V, 


IqH = -8 mA 


2.4 


2.4 


HH 




VeC = 3 V 


lOH - ”24 mA 


2 










•oh - ”32 mA 




2 








VeC = 2.7 V 


lOL = 100 |iA 


0.2 


0.2 








lOL = 24 mA 


0.5 


0.5 




VOL 






lOL = 16 mA 


0.4 


0.4 






Vcc = 3V 


Iql = 32 mA 


0.5 


0.5 








Iql = 48 mA 


0.55 












lOL = 64 mA 




0.55 






Control inputs 


Vec = 3.6 V, 


V| = Vec or GND 


±1 


±1 






Vec = 0 or 3.6 V, 


Vi = 5.5 V 


10 


10 




h 






V| = 5.5 V 


20 


20 


pA 




A or B portst 


Vcc = 3.6V 


V| = Vec 


1 


1 










< 

II 

O 


-5 


-5 




'off 


Vec = 0. V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


A or B ports 


Vcc=3V 


V| = 0.8 V 


75 


75 


pA 


V) = 2V 


-75 


-75 


lOZPU 


Vec = 0 to 1 .5 V, Vo = 0.5 V to 3 V, 
OE/OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vec = 1 .5 V to 0. Vo = 0.5 V to 3 V, 
OE/OE = don’t care 


±100* 


±100 


pA 






Vcc = 3.6V, 

Iq = 6. 


Outputs high 


0.19 


0.19 




icc 




Outputs low 


5 


5 


mA 






V| = Vec or GND 


Outputs disabled 


0.19 


0.19 




Alec® 


Vec = 3 V to 3.6 V, One input at Vqc “ 0-6 V 
Other inputs at Voc or GND 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


3.5 


3.5 


pF 


Cio 


Vq = 3 V or 0 


12 


12 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3.3 V, Ta = 25*C. 

♦ Unused pins at Vcc o'" GND 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 
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timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 





SN54LVTH16501 


SN74LVTH16501 


UNIT 


Vcc = 3.3 V 

±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fclock Clock frequency 


150 


125 


150 


125 


MHz 


tyv Pulse duration 


LE high 


3.3 


3.3 


3.3 


3.3 


ns 


CLK high or low 


3.3 


3.3 


3.3 


3.3 


tsu Setup time 


A before CLKABt 


1.6 


2.1 


1.6 


2.1 


ns 


B before CLKBAT 


1.6 


2.1 


1.6 


2.1 


A or B before LEi 


CLK high 


3.1 


2.7 


2.6 


1.9 


CLK low 


2.6 


2 


2 


1.3 


th Hold time 


A or B after CLKt 


2 


2.1 


2 


2.1 


ns 


A or B after LE-i- 


1.3 


1.2 


0.9 


1.2 



switching characteristics over recommended operating free-air temperature range, Cl = 50 pF 
(uniess otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH16501 


SN74LVTH16501 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


^max 






150 


125 


150 


125 


MHz 


tPLH 


B or A 


A or B 


1.7 5.4 


6.8 


1.7 3 5.4 


6.8 


ns 


tPHL 


1.6 6 


7.8 


1.6 3.2 5.9 


7.7 


tpLH 


LEBA or LEAB 


AorB 


KHEI 


9 


2.3 4 7 


8.5 


ns 


*PHL 




9.8 


2.7 4.3 7.9 


9.7 


tPLH 


CLKBA or 
CLKAB 


A or B 


2.5 8.3 


9.7 




9.2 


ns 


tpHL 


3.5 9.4 


10.7 


3.5 5.4 8.9 


10.4 


tpZH 


OEBA or OEAB 


AorB 


1.2 5.1 


6.1 


1.2 3 5 


5.9 


ns 


‘PZL 


1.5 5.9 


7 


1.5 3 5.8 


6.9 


tPHZ 


OEBA or OEAB 


A or B 


2.7 7.5 


8.5 


2.7 4.6 7.4 


8.3 


ns 


»PLZ 


2.8 6.8 


7.5 


2.8 4.7 6.7 


7.2 


^sk(o)^ 










0.5 




ns 



t All typical values are at V^c = 3-3 V, T/\ = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 
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PRODUCT PREVIEW 



SN54LVTH16501, SN74LVTH16501 

3.3-V ABT 18-BIT UNIVERSAL BUS TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS700B - JULY 1 997 - REVISED MARCH 1 998 

PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 

C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output Is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR ^10 MHz, Zq =: 50 Q, t|- < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



3-112 




SN54LVTH16541, SN74LVTH16541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS691 C - MAY 1 997 - REVISED APRIL 1 998 



• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signai Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for Externai Puilup/Puiidown 
Resistors 

• Power Off Disabies Outputs, Permitting 
Live insertion 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MiL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Modei (C = 200 pF, R = 0) 

• Package Options Inciude Piastic 300-mii 
Shrink Smaii-Outline (DL) and Thin Shrink 
Smail-Outiine (DGG) Packages and 380-mii 
Fine-Pitch Ceramic Flat (WO) Package 
Using 25-mil Center-to-Center Spacings 

description 

These 16-bit buffers/drivers are designed specificaliy for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

These devices are noninverting 16-bit buffers composed of two 8 -bit s ectio ns with s epar ate o utput-enable 
signals. For either 8-bit buffer section, the two output-enabie (1 OE1 and 1 0E2 or 20E1 and 20E2) inputs must 
be low for the corresponding Y outputs to be active. If either output-enable input is high, the outputs of that 8-bit 
buffer section are in the high-impedance state. 



Widebus is a trademark ot Texas Instruments Incorporated. 

UNLESS OTNERWISE NOTED thia docutnenl contains pnODUCnON 
DATA Information current as of publication date. Product conform to 
specifications per the terms of Texas Instruments standard wananty. 

Production processing does not necessarily Include testing of all 
parameters. 
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SN54LVTH16541, SN74LVTH16541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS691C- MAY 1997- REVISED APRIL 1998 



description (continued) 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to V^c through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH1 6541 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH16541 is characterized for operafion from -40°C to 85°C. 



FUNCTION TABLE 
(each 8-bit section) 



1 INPUTS 


OUTPUT 

Y 






A 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


Z 



logic symbolt 



10E1 

10E2 

2MT 

20E2 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 



24 

25 



47 

46 



43 

41 



40 

38 



37 

36 



35 

33 



32 

30 



29 

27 



26 









EN1 



EN2 



1 1 V 
















1 2V 

















3 


5 


6 


8 


9 


11 


12 


13 


14 


16 


17 


19 


20 


22 


23 



1Y1 

1Y2 

1Y3 

1Y4 

1Y5 

1Y6 

1Y7 

1Y8 

2Y1 

2Y2 

2Y3 

2Y4 

2Y5 

2Y6 

2Y7 

2Y8 



tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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SN54LVTH16541, SN74LVTH16541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SC8S691 C - MAY 1 997 - REVISED APRIL 1 998 




NOTE 4: All unused control inputs of the device must be held at Vqc or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



SN74LVTH16541 




SN54LVTH16541 




Vcc Supply voltage 



V|H High-level input voltage 



V|L Low-level input voltage 



V| Input voltage 



Iqh High-level output current 



Iql Low-level output current 



At/Av Input transition rise or fall rate 



At/AVcc Power-up ramp rate 



Ta Operating free-air temperature 



Outputs enabled 




PRODUCT PREVIEW Information concerna products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH16541, SN74LVTH16541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS691 C - MAY 1997 -REVISED APRIL 1998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16541 


SN74LVTH16541 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1.2 


-1 .2 


V 


Vqh 


Vcc = 2.7 V to 3.6 V, Iqh = -1 0° 


Vcc-0.2 


Vcc-0.2 


■ 


Vcc = 2.7 V IOH = -8mA 


2.4 


2.4 


VCC=3V 


Iqh - "24 mA 


2 




Iqh - "32 mA 




2 


Vql 


Vcc = 2-7 V 


IOI_= 100 pA 


0.2 


0.2 


1 


Iql - 24 mA 


0.5 


0.5 


Vcc = 3 V 


IqL =16 mA 


0.4 


0.4 


•OL = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




IOL = 34 mA 




0.55 


■ 




Vcc = 0 or 3.6 V V| = 5.5 V 


■'0 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = VccorGND 




±1 


Data inputs 


Vcc = 3.6 V 


V| = Vcc 


o' 1 


1 


V| = 0 


-5 


-5 


•off 


Vcc = 0, V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


Data inputs 


Vcc=3V 


V| = 0.8 V 


7^-"' 


75 


pA 


_< 

II 

ro 

< 


-lk 


-75 


IQZH 


Vcc = 3.6 V, Vo = 3 V 


5 


5 


pA 


'OZL 


Vcc = 3.6 V Vo = 0.5 V 


-5 


-5 


pA 


'OZPU 


Vcc = 0 to 1.5 V, Vo = 0.5 V to 3 V, 
OE s don't care 


±100- 


±100 


pA 


'OZPD 


Vcc = 1 .5 V to 0, Vo = 0.5 V to 3 V 
OE = don't care 


±100' 


±100 


pA 


'cc 


VCC = 3-6V. Io = 0. 
V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vcc = 3 V to 3.6 V, One input at Vqc - 0.6 V, 
Other inputs at Vcc GND 


0.2 


0.2 


mA 


Ci 


Vi = 3 V or 0 


4 


4 


PF 


^0 


Vo = 3 V or 0 


9 


9 


pF 



‘ On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, Ta = 25°C. 

t This is the increase in suppiy current for each input that is at the specified TTL voltage level rather than Wqq or GND. 



PRODUCT PREVIEW Information concerns products in the formative or 
design phase of development Characteristic data and other 
speciftcations are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH16541, SN74LVTH16541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS691C- MAY 1997 - REVISED APRIL 1998 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 









1 SN54LVTH16541 


1 SN74LVTH16541 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3-3 V 
±0.3V 


Vcc = 2-7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




tPLH 






1 


3.7 


4 


1 


2.4 


3.5 


3.8 


ns 


•PHL 






1 


3.7 


4 


1 


2 


3.5 


3.8 


‘PZH 


OE 




1.1 


4.8 


;>■ 5.7 


1.2 


2.7 


4.6 


5.5 


ns 


‘PZL 




1.1 


4.8 


5.4 


1.2 


2.8 




5.2 


tPHZ 


6e 




I 2.1 6,^;| 


6.5 


2.2 


4.1 


5.9 


6.2 


ns 


tpLZ 




ms 


mm 


6 


2.2 


3.8 


5.4 


5.5 


*sk(o)^ 










0.5 


0.5 


ns 



t All typical values are at Vqc = 3-3 V, Ta = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 



PRODUCT PREVIEW Information concerns products In the (ormattve or 
design phase of development. Characteristic data and other 
specmcations are design goals. Texas Instruments reserves the right to 
change or discontinue ttwM products without notice. 
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SN54LVTH16541, SN74LVTH16541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS691 C - MAY 1 997 - REVISED APRIL 1 998 



PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 



Cl = 50 pF 
(see Note A) 



soon 

-• Wv- 

< soon 



O 6 V 

SI ^ o Open 
qGND 



LOAD CIRCUIT 



Input 




TEST 


SI 


tpd 

tpLzftpZL 

tpHZ/tPZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




2.7 V 
0 V 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 



Output 



Output 






•2.7 V 
.OV 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 



Output 
Waveform 2 
S1 at GND 
(see Note B) 






2.7 V 



OV 



*PZL 



-♦! -►! u- tpLz 



I I I I 

A'” 



*PZH 






|<-*PHZ 

-jh Vo 

\Voh-0.3V 

^ 



VOH 
V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 



C. 

D. 



C|_ includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq - 50 t^ < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1 . Load Circuit and Voitage Waveforms 
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■ • Members of the Texas Instruments 
I Widebus™ Family 
I • Output Ports Have Equivalent 22-0 Series 
I Resistors, So No External Resistors Are 

I Required 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typical Voi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Smali-Outline (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 

description 



SN54LVTH1 62541, SN74LVTH1 62541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS690D - MAY1997-REVISED MAY 1 998 



SN54LVTH 162541 . . . WD PACKAGE 
SN74LVTH162541 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



ioeT[ 


1 


48 


]lOE2 


1Y1 [ 


2 


47 


]lA1 


1Y2[ 


3 


46 


]lA2 


gnd[ 


4 


45 


]gnd 


1Y3[ 


5 


44 


it A3 


1Y4[ 


6 


43 


]lA4 


Vcc [ 


7 


42 


i Vcc 


1Y5[ 


8 


- 41 


]lA5 


1Y6[ 


9 


40 


]lA6 


gnd[ 


10 


39 


]gnd 


1Y7[ 


11 


38 


]1A7 


1Y8[ 


12 


37 


]1A8 


2Y1 [ 


13 


36 


]2A1 


2Y2[ 


14 


35 


]2A2 


GND [ 


15 


34 


]gnd 


2Y3[ 


16 


33 


]2A3 


2Y4[ 


17 


32 


]2A4 


Vcc i 


18 


31 


]Vcc 


2Y5[ 


19 


30 


]2A5 


2Y6[ 


20 


29 


]2A6 


GND [ 


21 


28 


]gnd 


2Y7[ 


22 


27 


]2A7 


2Y8[ 


23 


26 


]2A8 


20ET[ 


24 


25 


]20E2 



These 16-bit buffers/drivers are designed specifically for low-voltage (3.3-V) Vcc operation, but with the 
capability to provide a TTL interface to a 5-V system environment. 

These devices are noninverting 16-bit buffers composed of two 8 -bit s ectio ns with s epar ate o utput-enable 
signals. For either 8-bit buffer section, the two output-enable (1 OE1 and 1 0E2 or 20E1 and 20E2) inputs must 
be low for the corresponding Y outputs to be active. If either output-enable input is high, the outputs of that 8-bit 
buffer section are in the high-impedance state. 



^idebu^^^rademari^^exa^nstruTT^^ 

UNLESS OTHERWISE NOTED this document contains PRODUCTWN 
DATA infonnation current as of puMcatlon date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily include testing of all 
parameters. 
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SN54LVTH1 62541, SN74LVTH1 62541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS690D - MAY 1997 - REVISED MAY 1998 



description (continued) 

The outputs, which are designed to source or sink up to 12 mA, include equivalent 22-£2 series resistors to 
reduce overshoot and undershoot. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH1 62541 is characterized for operation over the full military temperature range of-55°C to 1 25°C. 
The SN74LVTH1 62541 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 
(each 8-bit section) 



INPUTS 


OUTPUT 

Y 


OET 


OE2 


A 


L 


L 


L 


L 


L 


L 


H 


H 


H 


X 


X 


Z 


X 


H 


X 


Z 



logic symbolt 



10E1 

10E2 

20E1 

20E2 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 



24 

25 



47 

46 



43 

41 



40 

38 



37 

36 



35 

33 



32 

30 



29 

27 



26 









EN1 



EN2 



1 1 V 
















1 2 V 

















3 


5 


6 


8 


9 


11 


12 


13 


14 


16 


17 


19 


20 


22 


23 



1Y1 

1Y2 

1Y3 

1Y4 

1Y5 

1Y6 

1Y7 

1Y8 

2Y1 

2Y2 

2Y3 

2Y4 

2Y5 

2Y6 

2Y7 

2Y8 



iThis symbol is in accordance with ANSi/IEEE Std 91-1984 and lEC Pubiication 617-12. 
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logic diagram (positive logic) 




SN54LVTH1 62541, SN74LVTH1 62541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS690D - MAY 1 997 - REVISED MAY 1 998 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc -0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or po\A/er-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq 30 mA 

Current into any output in the high state, Iq (see Note 2) 30 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 0 ja (see Note 3): DGG package 89°CA/V 

DL package 94°CA/V 

Storage temperature range, Tstg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated In accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH162541 


SN74LVTH162541 


UNIT 






MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 : 


2 


V 


VlL 


Low-level input voltage 


0.8 


0.8 


V 


V| 


Input voltage 


5.5 


5.5 


V 


'oh 


High-level output current 


-12 


-12 


mA 


'OL 


Low-level output current 


12 


12 


mA 


At/AV 


Input transition rise or fall rate 


Outputs enabled 




10 


10 


nsA/ 


At/AVcc 


Power-Up ramp rate 


200 


200 


psA/ 


ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 4: All unused control inputs of the device must be held at Vcc o'" GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concerns products In the formative or 
design phase of development Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
cKange or discontinue thc^ products without notice. 
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SN54LVTH1 62541, SN74LVTH1 62541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS690D - MAY 1 997 - REVISED MAY 1998 



electrical characteristics over recommended operating free-air temperature range (uniess 
otherwise noted) 



PARAMETER 


TEST CONOmONS 


SN54LVTH162541 


SN74LVTH1 62541 ^ 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1 .2 


-1 .2 


V 


VOH 


Vcc = 3V, IOH = -12mA 


2 


2 


V 


VOL 


Vcc = 3V, IOL=12mA 


0,8 


0.8 j 


V 


h 




Vcc = 0 Of 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc Of GND 


±1 


±1 


Data inputs 


Vcc = 3.6 V 


|V| = Vcc I 


1 


1 


< 

II 

O 


-5 


-5 


1 'off 


I Vcc = 0. Vi or Vo = 0 to 4.5 V 




±100 


pA 


li(hold) 


Data inputs 


Vcc=3V 


V| = 0.8 V 


75 i-V 


75 


pA 


Vi = 2V 


-75 


-75 


lOZH 


Vcc = 3.6 V, Vo = 3 V 


A 5 


5 


pA 


lOZL 


Vcc = 3-6 V. Vo = 0.5 V 


A/' -5 


-5 


pA 


'OZPU 


Vcc = 0 to 1 .5 V. Vo = 0.5 V to 3 V, 
OE = don’t care 




±100 


pA 


'OZPD 


Vcc= 1-5Vto 0, Vo = 0.5Vto3V. 
OE = don’t care 


±100* 


±100 


pA 


icc 


Vcc = 3.6 V, iQ = 0 , 
V| = Vcc ot gnd 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec* 


Vcc = 3 V to 3.6 V, One input at Vcc ~ 0.6 V, 
Other inputs at Vcc 


0.2 


0.2 


mA 


Cj 


Vj = 3 V or 0 


4 


4 


pF 


Co 


Vo = 3 V or 0 


9 


9 


pF 



■ On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3-3 V, Ta = 25°C. 

t This Is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc GND. 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


1 SN54LVTH 162541 


1 SN74LVTH1 62541 


UNIT 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


tPLH 


A 


Y 


1.1 4.3 


4.9 


1.2 2.9 4.1 


4.7 


ns 


tPHL 


1.1 4.3 




1.2 2.4 4.1 


4.7 


fpZH 


OE 


Y 


1.4 5.3 




1.5 3.2 5 


6.1 


ns 


'PZL 


1.4 5.1. 


5.8 


1.5 3.3 4.8 


5.5 


•PHZ 


OE 


Y 




6.4 


2.2 4.3 5.9 


6.2 


ns 


>PLZ 


2.1 .1^7 


5.9 


2.2 4 5.4 


5.5 


*sk(o)^ 










0.5 


0.5 


ns 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

§ Skew between any two outputs of the same package switching in the same direction 



PRODUCT PREVIEW information concents products in the formatrvs or 
design phase of deveiopment. Characteristic data and other 
specmcations are design goats. Texas Instruments reserves the right to 
cnartge or discontinue them products without notice. 
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SN54LVTH162541, SN74LVTH1 62541 
3.3-V ABT 16-BIT BUFFERS/DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS690D - MAY 1997 - REVISED MAY 1998 



PARAMETER MEASUREMENT INFORMATION 



From Output 
Under Test 



Cl = 50 pF 
(see Note A) 



5000 
500 0 



O 6V 




O Open 



O GND 



LOAD CIRCUIT 



Input 




2.7 V 
OV 



TEST 


SI 


tpd 

tpLZ/»PZL 

‘PHZ^PZH 


Open 

6V 

GND 



Timing Input 



Data Input 




2.7 V 
OV 

2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 



Input 






•PLH— f* H 



I 



•2.7 V 
.OV 



Output 






I 

»phlH4 — H 

I 



Output 



5V 



►(-•PHL 

J J VoH 

5V I >|r1.5V 

I ' VoL 

»{-tpLH 

l> VOH 

M.5V 

-- VoL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



VlTv Vl.5V 
/Kll A 



Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
SI at GND 
(see Note B) 



*PZL 






I I 



-►j k-‘PL2 

"^1.5 V [ \/^ ~ 

\ / VOL + O- 



•PZH 



Jl 






l^tpHZ 

~’^OH-0' 



■ 2.7 V 

■ 0 V 

• 3 V 

VoL 

^VOH 

■ =0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. Cl includes probe and jig capacitance. 

B. Waveform 1 Is for an output with internal conditions such that the output Is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR S 10 MHz, Zq = 50 O, tr < 2.5 ns, tf < 2,5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voltage Waveforms 
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SN54LVTH16543, SN74LVTH16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS699C- JULY 1997- REVISED MARCH 1998 



• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technoiogy (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signai Operation (5-V 
input and Output Voitages With 3.3-V Vcc) 

• Support Unreguiated Battery Operation 
Down to 2.7 V 

• High-impedance State During Power Up 
and Power Down 

• Bus Hoid on Data Inputs Eliminates the 
Need for Externai Puliup/Puiidown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live insertion 

• Typicai Vqi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V Ta = 25°C 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA 
Per JESD17 

• ESD Protection Exceeds 2000 V Per 
MiL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Modei (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mil 
Shrink Smaii-Outline (DL) and Thin Shrink 
Smali-Outiine (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Fiat (WD) Package 
Using 25-mil Center-to-Center Spacings 



SN54LVTH16543 . . . WD PACKAGE 
SN74LVTH16543 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



ioeab[ 


“C 

1 


56 ] 


ileab[ 


2 


55 J 


iceabI 


3 


54 ] 


gndI 


4 


53 ] 


1A1 


5 


52 ] 


1A2| 


6 


51 ] 


Vcci 


7 


50 ] 


1A3[ 


8 


49 ] 


1A4[ 


9 


48 ] 


1A5[ 


10 


47 ] 


gnd| 


11 


46 ] 


1A6[ 


12 


45 ] 


1A7| 


13 


44 ] 


1A8| 


14 


43 ] 


2A1 I 


15 


42 ] 


2A2| 


16 


41 ] 


2A3| 


17 


40 ] 


GND I 


18 


39 ] 


2A4| 


19 


38 ] 


2A5| 


20 


37 ] 


2A6| 


21 


36 ] 


Vcci 


22 


35 ] 


2A7| 


23 


34 ] 


2A8| 


24 


33 ] 


gnd| 


25 


32 ] 


2CEAB i 


26 


31 ] 


2LEAB I 


27 


30 ] 


20EAB 


28 


29 ] 



10EBA 

1LEBA 

1CEBA 

GND 

1B1 

1B2 

Vcc 

1B3 

1B4 

1B5 

GND 

1B6 

1B7 

1B8 

2B1 

2B2 

2B3 

GND 

2B4 

2B5 

2B6 

Vcc 

2B7 

2B8 

GND 

2CEBA 

2LEBA 

20EBA 



description 

The 'LVTH 1 6543 devices are 1 6-bit registered transceivers designed for low-voitage (3.3-V) Vcc operation, but 
with the capabiiity to provide a TTL interface to a 5-V system enviro nmen t. T hese d evices can be used as two 
8- bit tran sceivers or one 1 6-bit transceiver. Separate iatch-enable (LEAB or LEBA) and output-enable (OEAB 
or OEBA) inputs are provided for each register to permit independent controi in either direction of data flow. 

The A -to-B enabie (CEAB) input must be low to enter data from A or to output data fr om B. I f CEAB is low and 
LEAB is low, the A-to-B la tches a re t ranspa rent; a subsequent low-to-high transition of LEAB puts the A latches 
in the storage mode. With CEAB and OEAB both low, the 3-state B outputs are active a nd reflect the d ata present 
at the output of the A latches. Data flow from B to A is similar but requires using the CEBA, LEBA, and OEBA 
inputs. 



Widebus is a trademark of Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contsins PRODUCTION 
DATA Information currant as of publication date. Products conform to 
spaciflcatlons per the terms of lexas Instruments standard warranty. 
Production processing does not necessarily Include testing of all 
parameters. 
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SN54LVTH16543, SN74LVTH16543 

3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS699C-JULY 1997- REVISED MARCH 1998 



description (continued) 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH1 6543 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH16543 is characterized for operation from -40“C to 85°C. 



FUNCTION TABLEt 
(each 8-bit section) 



I INPUTS 


OUTPUT 

B 










CEAB 


LEAB 


OEAB 


H 


mm 




B 


z 


mm 




H 


mm 


z 


H 




n 


H 


Bo* 


■■ 








L 


■1 


■■ 






H 



t A-to-B data flow is show n; B-to-A flow c ontr ol is the 
same except that it uses CEBA, LEBA, and OEBA. 
^ Output level before the indicated steady-state input 
conditions were established 
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SN54LVTH16543, SN74LVTH16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS699C - JULY 1 997 - REVISED MARCH 1 998 



logic symbolt 



10EBA 

1CEBA 

1LEBA 

10EAB 

1CEAB 

^iMAB 

20EBA 

2CEBA 

2LEBA 

2M^ 

2C^ 

2LEM 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 



56 



54 



55 



29 



31 



30 



28 



26 



27 



10 



12 



13 



14 



15 



16 

17 



19 

20 



23 

24 



-bJ 



1EN3 
G1 
NiC5 















2EN4 

G2 

2C6 

7EN9 

G7 

7C11 

8EN10 

G8 

8C12 



|V3 5D 


> 

o 

<0 
















V9 11D 


12D 10V 

















52 



51 



49 



48 



47 



45 



44 



43 



42 



41 

40 



38 

37 



36 

34 



33 



1B1 

1B2 

1B3 

1B4 

1B5 

166 

1B7 

1B8 

2B1 

2B2 

2B3 

2B4 

2B5 

2B6 

2B7 

2B8 



tjhls symbol is in accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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SN54LVTH16543, SN74LVTH16543 

3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS699C - JULY 1 997 - REVISED MARCH 1 998 
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SN54LVTH16543, SN74LVTH16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS699C - JULY 1 997 - REVISED MARCH 1 998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0-5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0-5 V 

Current into any output in the low state, Iq: SN54LVTH16543 96 mA 

SN74LVTH 16543 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16543 48 mA 

SN74LVTH 16543 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 6 ja (see Note 3): DGG package 81°C/W 

DL package 74°C/\N 

Storage temperature range, Tgjg -65°C to 150°C 



t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 





SN54LVTH16543 


SN74LVTH16543 


UNIT 






Vcc Supply voltage 


2.7 3.6 


2.7 3.6 


V 


V||-| High-level input voltage 


2 


2 


V 


V|L Low-level Input voltage 


-S’"' 0.8 


0.8 


V 


V| Input voltage 


5.5 


5.5 


V 


Iqh High-level output current 


A. -24 


-32 


mA 


Iql Low-level output current 


48 


64 


mA 


At/Av Input transition rise or fall rate Outputs enabled 




10 


ns/V 


At/AVcc Power-up ramp rate 


^ 200 


200 


psAf 


T/\ Operating free-aIr temperature 


-55 125 


^0 85 


°C 



NOTE 4: All unused control Inputs of the device must be held at Vqc or GND to ensure proper device operation. Refer to the Tl applloatlon report. 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concoms products In the formative or 
dasiM phase of developmant Characteristic data and other 
ap a w ft ca tione are design goals. Texas Instniments reserves the right to 
change or discontinue these products without notice. 
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SN54LVTH16543, SN74LVTH16543 

3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS699C - JULY 1 997 - REVISED MARCH 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONOmONS 


SN54LVTH16543 


SN74LVTH16543 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2-7 V, l| = -18mA 


-1.2 


-1 .2 


V 


vqh 


Vcc = 2.7 V to 3.6 V, IOH = -100fiA 


Vcc-O-2 


Vcc-O-2 


a 


Vcc = 2-7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc = 3 V 


Iqh = -24 mA 


2 




'oh = -32 mA 




2 


vql 


Vcc = 2-7 V 


Iql = 1 00 pA 


0.2 


0.2 


1 


Iql = 24 mA 


0.5 


0.5 


Vcc = 3 V 


Iql= 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql - 48 mA 


0.55 




lOL = 64 mA 




0.55 


i| 


Control inputs 


Vcc = 3.6 V, V| = Vcc Of GND 


-^5^ ±1 


±1 


pA 


Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


A or B portst 


Vcc = 3.6 V 


V| = 5.5 V 


A. 20 


20 


V| = Vcc 


1 


1 


< 

II 

o 


& -5 


-5 


'off 


Vcc = 0. V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


A or B ports 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


> 

<N 

II 

> 


-75 


-75 


iqzpu 


Vcc = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


iqzpd 


Vcc = 1 -5 V to 0, Vq == 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 














Ice 


Vcc = 3.6 V, 

IO = 0. 

V| = Vcc or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alee® 


Vcc = 3 V to 3.6 V, One input at Vcc ” 3-6 V, 


0.2 


0.2 


mA 












Ci 


V| = 3 V or 0 


4 


4 


pF 


C|o 


Vq = 3 V or 0 


10 


10 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3.3 V, T/\ = 25°C. 

♦ Unused pins at Vcc GND 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc or GND. 



PRODUCT PREVIEW infomutlon concerns products ki tite formative or 
desim phase of devetopment Characteristic data srKf other 
spe^catlofts are design goals. Texas Instruments reserves the right to 
change or discontinue thcie products without notice. 
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SN54LVTH16543, SN74LVTH16543 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS699C - JULY 1 997 - REVISED MARCH 1 998 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 





SN54LVTH16543 


SN74LVTH16543 


UNIT 




Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


Pulse duration, LEAB or LEBA low 


3.3 


3.3 


3.3 


3.3 


ns 


tsu Setup time 


A or B before 
LE^torLEBAt 


Data high 


0.5 




0.5 


0.5 


ns 


Data low 


0.8 


.;>.3 


0.8 


1.3 


A or B before 


Data high 


0 


^ 0 


0 


0 


ns 


CEABT or CEBAT 


Data low 


0.6 


1.1 


0.6 


1.1 


th Hold time 


A or B after 
LEABT or LEBAT 


Data high 


1 .5 


0.7 


1.5 


0.7 


ns 


Data low 


1.2 


1.3 


1.2 


1.3 


A or B after 


Data high 


1.7 


0.9 


1.7 


0.9 


ns 


CEABT or CEBAT 


Data low 


1.6 


1.8 


1.6 


1.8 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(uniess otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH16543 


SN74LVTH16543 


UNIT 




Vcc = 2.7 V 




Vcc = 2-7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


tpLH 


A or B 


B or A 


1.1 3.4 


3.9 


1.2 2.3 3.2 


3.7 


ns 


tPHL 


1.1 3.4 


3.9 


1.2 2.1 3.2 


3.7 


tPLH 


LE 


A or B 


1.2 4.1 


3 5.1 


1.3 2.5 3.9 


4.9 


ns 


>PHL 


1.2 4.1 


5.1 


1.3 2.3 3.9 


4.9 


tpZH 


OE 


A or B 


mOKB 




1 

I 


5.4 


ns 


tPZL 


1.2 4.5 


A 5.6 


1 

s 


5.4 


*PHZ 


OE 


A or B 




r 5.4 


— I.«rl 


5.2 


ns 


tpLZ 




4.7 


2 3.3 4.4 


4.5 


tpZH 


CE 


AorB 


mami 


5.8 




5.6 


ns 


tpZL 


1.2 4.7 


5.8 




5.6 


*PHZ 


CE 


A or B 


1.9 5.1 


5.6 




5.4 


ns 


!elz 


1.9 4.9 


5.1 


2 3.5 4.7 


4.9 



t All typical values are at Vqc = 3-3 V, T/\ = 25°C. 



PRODUCT PREVIEW information concerns products In the formative or 
destan phase ^ development Characteristic data and other 
specmcatlons are design goals. Texas Instruments reserves the tight to 
change or discontinue these products without notice. 
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SN54LVTH16543, SN74LVTH16543 

3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 

WITH 3-STATE OUTPUTS 

SCBS699C - JULY 1 997 - REVISED MARCH 1 998 

PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 
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• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unreguiated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typical VoLP (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, Ta = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for Externai Puilup/Puiidown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Distributed Vcc OND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Modei (C = 200 pF, R = 0) 

• Package Options include Plastic 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Smail-Outiine (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mii Center-to-Center Spacings 
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SN74LVTH16646 . . . DGG OR OL PACKAGE 
(TOP VIEW) 




description 

The ’LVTH 16646 devices are 16-bit bus transceivers designed for low-voltage (3.3-V) Vcc operation, but with 
the capability to provide a TTL interface to a 5-V system environment. 

These devices can be used as two 8-bit transceivers or one 1 6-bit transceiver. Data on the A or B bus is clocked 
into the registers on the low-to-high transition of the appropriate clock (CLKAB or CLKBA) input. Figure 1 
illustrates the four fundamental bus-management functions that can be performed with the ’LVTH16646 
devices. 



Wifiebus is a trademark of Texas Instrument Incoroorated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA Information currant as of publication date. Products conform to 
apeciflcatlona per the terms of Texas Instruments standard warranty. 
Production processing does not necessaitly include testing of all 
parameters. 
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description (continued) 

Output-enable (OE) and direction-control (DIR) inputs are provided to control the transceiver functions. In the 
transceiver mode, data present at the high-impedance port may be stored in either register or in both. The 
select-control (SAB and SBA) inputs can multiplex stored and real-time (transparent mode) data. The circuitry 
used for seiect control eliminates the typical decoding glitch that occurs in a multiplexer during the transition 
between stored and real-time data. DIR determines which bus receives data when OE is low. In the isolation 
mode (OE high), A data can be stored in one register and/or B data can be stored in the other register. 

When an output function is disabled, the input function is still enabled and can be used to store and transmit 
data. Only one of the two buses, A or B, can be driven at a time. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH1 6646 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH16646 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA I/O 


OPERATION OR FUNCTION 


OE 


DIR 


CLKAB 


CLKBA 


SAB 


SBA 


A1-A8 


B1-B8 


X 


X 


T 


X 


X 


X 


Input 


Unspecifiedt 


Store A, B unspecifiedt 


X 


X 


X 


T 


X 


X 


Unspecifiedt 


Input 


Store B, A unspecifiedt 


H 


X 


T 


T 


X 


X 


Input 


Input 


Store A and B data 


H 


X 


H orL 


HorL 


X 


X 


Input disabled 


Input disabled 


Isolation, hold storage 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Input 


Stored B data to A bus 


L 


H 


X 


X 


L 


X 


Input 


Output 


Real-time A data to B Bus 


L 


H 


H or L 


X 


H 


X 


Input 


Output 


Stored A data to bus 



tThe data-output functions may be enabled or disabled by various signals at OE or DIR. Data-input functions always are enabled, i.e., data at 
the bus terminals is stored on every low-to-high transition of the clock inputs. 
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OE DIR CLKAB CLKBA SAB 

L H X X L 

REAL-TIME TRANSFER 
BUS A TO BUS B 



SBA 

X 




OE DIR CLKAB CLKBA SAB 

L L X X X 

REAL-TIME TRANSFER 
BUS B TO BUS A 



SBA 

L 





OE 

X 

X 

H 



DIR 


CLKAB 


CLKBA 


SAB 


SBA 


OE 


DIR 


CLKAB CLKBA SAB 


SBA 


X 


T 


X 


X 


X 


L 


L 


X L X 


H 


X 


X 


t 


X 


X 


L 


H 


L X H 


X 


X 


T 


T 


X 


X 




TRANSFER STORED DATA 





STORAGE FROM TO A AND/OR B 

A, B, OR A AND B 



Figure 1. Bus-Management Functions 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc “0.5 V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH 16646 96 mA 

SN74LVTH 16646 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16646 48 mA 

SN74LVTH 16646 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0 ja (see Note 3); DGG package 81 °C/\N 

DL package 74°CA/V 

Storage temperature range, Tgtg -65°C to 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabiiity. 

NOTES: 1 . The input and output negative-voitage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current fiows only when the output is in the high state and Vq > VcC- 

3. The package thermai impedance is caiculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 









1 SN54LVTH16646 


I SN74LVTH16646 


UNIT 








MIN 


MAX 




MAX 


Vcc 


Supply voltage 




2.7 


3.6 




3.6 


V 


V|H 


High-level input voltage 




2 





2 


V 


V|L 


Low-level input voltage 






0.8 


V 


V| 


input voltage 




5'5 


5.5 


V 


IQH 


High-level output current 




A 


' -24 


-32 


mA 


IQL 


Low-level output current 






48 


64 


mA 


At/AV 


Input transition rise or fall rate 


Outputs enabled 




10 


10 


nsA^ 


At/AVcC 


Power-up ramp rate 




1 <^"^00 


200 


psAf 


Ta 


Operating free-air temperature 




1 -55 


125 


1 -40 


85 


”C 



NOTE 4: All unused control inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 



PRODUCT PREVIEW Information concamt products In the formative or 
deelon pheee of development. Characteristic data and other 
epecmcaaons are design goals. Texas Instruments reserves the right to 
change or dlecontfnue IhMs products without notice. 
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electrical characteristics over recommended operating free-air temperature range (uniess 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16646 


SN74LVTH16646 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2'7V, ll = -18mA 


-1 .2 


-1.2 


V 


Vqh 


Vcc = 2.7 V to 3.6 V, loH = -100ftA 


Vcc-0.2 


Vcc-0.2 


V 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc=3V 


Iqh = -24 mA 


2 




Iqh = -32 mA 




2 


VoL 


Vcc = 2.7 V 


lOL “ 100 jiA 


0.2 


0.2 


V 


lOL = 24 mA 


0.5 


0.5 


Vcc = 3 V 


lOL “ 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql = 46 mA 


0.55 




lOL “ 64 mA 




0.55 


■ 


Control inputs 


Vcc = 3-6 V, V| = Vcc or GND 


±1 


±1 


pA 


Vcc = 0 O'" 3-6 V, V| = 5.5 V 


10 


10 


A or B portsf 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = Vcc 


C"' 1 


1 


O 

II 

> 


,6 -5 


-5 


'off 


Vcc = Ot V| or Vo = 0 to 4.5 V 




±100 


pA 


l|(hold) 


A or B ports 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


> 

C\J 

11 

> 


-75 


-75 


IQZPU 


Vcc = 0 to 1 .5 V. Vo = 0.5 V to 3 V. 
OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vqc = 1 .5 V to 0. Vo = 0.5 V to 3 V, 
OE * don't care 


±100* 


±100 


pA 


Ice 


Vcc = 3.6V,Io = 0. 
V| = Vcc gnd 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc§ 


Vcc = 3 V to 3.6 V, One input at Vcc ” 6-6 V, 
Other Inputs at Vcc O'" 


0.2 


0.2 


mA 


Ci 


V| = 3 VorO 


4 


4 


pF 


C[o 


Vq = 3 V or 0 


10 


10 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vcc = 3 3 V, T/\ = 25°C. 
t Unused pins at VgC ot QND 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc GND. 



PRODUCT PREVIEW Information concarnt products In the formative cv 
deslon phase of development Characteristic data and odter 
specriicatlons are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 2) 









SN54LVTH16646 


SN74LVTH16646 










Vcc = 3.3 V 

±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN MAX 


MIN 


MAX 


MIN MAX 


MIN 


MAX 




^clock 


Clock frequency 




150 


150 


150 


150 


MHz 


tw 






3.3 


■X3.3 


3.3 


3.3 


ns 


^su 


Setup time, 


Data high 


1.2 


■ *t.5 


1.2 


1.5 




A or B before CLKABT or CLKBAt 


Data iow 


2 ^ 


2.8 


2 


2.8 




th 


Hold time, 




0.5 


0 


0.5 


0 




A or B after CLKABT or CLKBAt 


Data low 


0.5 


0.5 


0.5 


0.5 





switching characteristics over recommended operating free-air temperature range, Cl = 50 pF 
(uniess otherwise noted) (see Figure 2) 









SN54LVTH 16646 


SN74LVTH16646 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 




Vcc = 


2.7 V 


Vcc = 3-3 V 

±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 




^max 






150 


150 


150 


150 


MHz 




























tPLH 


CLKBA or 




1.3 






5 


1.3 


2.8 


IS 




4.7 




♦PHL 


CLKAB 


M UI D 


1.3 




5 


1.3 


2.8 


m 


4.7 




tPLH 


A or B 




1 


3.6 


4.1 


1 


2.4 


3.4 


3.9 




tPHL 




1 


3.6 




4.1 


1 


2.1 


3.4 


3.9 




tPLH 


SBA or SABT 




1 


4.7 


5.6 


1 


2.8 


IQ 


5.4 




tPHL 




1 


4.7 


5.6 


1 


3 


IQ 


5.4 




•PZH 


OE 




1 


4.5 


5.4 


1 


2.5 




5.2 




tpZL 




1 


m 


5.4 


1 


2.6 


IQ 


5.2 




tPHZ 


OE 




2 


5.8 


6.3 


2 


4 


5.6 


6.1 




tPLZ 


f\ or L3 


2 


5.6 


6.3 


2 


3.6 


5.4 


6.1 




*PZH 


DIR 


A or B 


1 


4.6 


5.5 


1 


3 


4.4 


5.3 


ns 


tPZL 


1 


4.6 


5.5 


1 


3 


4.4 


5.3 


tPHZ 


DIR 




1.5 


6 


7.1 


1.5 


3.9 




6.8 


ns 


lEJ.2 




1.5 


5.5 


6 


1.5 


3.6 


5.2 


5.7 



t All typical values are at Vcc = 3.3 V, T/\ = 25°C. 

t These parameters are measured with the internal output state of the storage register opposite that of the bus input. 



PRODUCT PREVIEW information concerns products In the formative or 
design phase of development. Characteristic data and other 
specifications are design goals. Texas Instruments reserves the right to 
change or discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 



O 6 V 





TEST 


SI 


tPLH/tPHL 

tpLZ/tPZL 

•PHZ/*PZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 







VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
St at 6 V 
(see Note B) 



Output 
Waveform 2 
SI at GND 
(see Note B) 



I , I 



1.5 V 



2.7 V 
■ OV 



•PZL-^I -*| k-tpLZ 

I I 3V 



*PZH 



i j^ L->0-3V 

^ I I 

-»| |4-tpHZ 
^yl^1.5V ^ ^OH- 



VOL 



VoH 

0.3 V 

=0V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. C]_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 Is for an output with internal conditions such that the output Is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 t|- ^ 2.5 ns, tf ^ 2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 2. Load Circuit and Voltage Waveforms 
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• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signal Operation 
(5-V Input and Output Voltages With 
3.3-V Vcc) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3-3 V, T* = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA Per 
JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 



SN54LVTH16652 . . . WD PACKAGE 
SN74LVTH16652 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10EAB 

1CLKAB 

1SAB 

GND 

1A1 

1A2 

Vcc 

1A3 

1A4 

1A5 

GND 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

GND 

2A4 

2A5 

2A6 

Vcc 

2A7 

2A8 

GND 

2SAB 

2CLKAB 

20EAB 




10EBA 

1CLKBA 

1SBA 

GND 

1B1 

1B2 

Vcc 

1B3 

1B4 

1B5 

GND 

1B6 

1B7 

1B8 

2B1 

2B2 

2B3 

GND 

2B4 

2B5 

2B6 

Vcc 

2B7 

2B8 

GND 

2SBA 

2CLKBA 

20EBA 



description 

The ’LVTH16652 devices are 16-bit bus transceivers designed for iow-voitage (3.3-V) Vqq operation, but with 
the capabiiity to provide a TTL interface to a 5-V system environment. These devices can be used as two 8-bit 
transceivers or one 16-bit transceiver. 

Output-enabie (OEAB and OEBA) inputs are provided to controi the transceiver functions. Select-controi (SAB 
and SBA) inputs are provided to select whether real-time or stored data is transferred. A low input level selects 
real-time data, and a high input level selects stored data. The circuitry used for select control eliminates the 
typical decoding glitch that occurs in a multiplexer during the transition between stored and real-time data. 
Figure 1 illustrates the four fundamental bus-management functions that can be performed with the 
’LVTH 16652 devices. 



Widebus is a trademark ot Texas Instruments Incorporated. 



UNLESS OTHERWISE NOTED this document contains PRODUCTION 
DATA information current as of publication date. Products conform to 
specifications per the terms of Texas Instruments standard warranty. 
Production processing does not necessarily Include testing of all 
parameters. 
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description (continued) ‘ 

Data on the A or B bus, or both, can be stored in the internal D flip-flops by low-to-high transitions at the 
appropriate clock (CLKAB or CLKBA) inputs, regardless of the levels on the select-control or output-enable 
inputs. When SAB and SBA are in the real-time transfer mode, it als o is pos sible to store data without using the 
internal D-type flip-flops by simultaneously enabling OEAB and OEBA. In this configuration, each output 
reinforces its input. When all other data sources to the two sets of bus lines are at high impedance, each set 
of bus lines remains at its last level configuration. 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor 
and OE should be tied to GND through a pulldown resistor; the minimum value of the resistor is determined by 
the current-sinking/current-sourcing capability of the driver. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

The SN54LVTH1 6652 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH 16652 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



INPUTS 


DATA l/Ot 


OPERATION OR FUNCTION 


OEAB 


OEBA 


CLKAB 


CLKBA 


SAB 


SBA 


A1-A8 


B1-B8 


L 


H 


HorL 


HorL 


mm 


mm 


Input 


Input 


Isolation 


L 


H 


T 


T 


n 


mM 


Input 


Input 


Store A and B data 


X 


H 


T 


HorL 


X 


X 


Input 


Unspecified^ 


Store A, hold B 


H 


H 


T 


T 


X* 


X 


Input 


Output 


Store A in both registers 


L 


X 


H or L 


T 


X 


X 


Unspecified^ 


Input 


Hold A. store B 


L 


L 


T 


T 


X 


X4 


Output 


Input 


store B In both registers 


L 


L 


X 


X 


X 


L 


Output 


Input 


Real-time B data to A bus 


L 


L 


X 


HorL 


X 


H 


Output 


Input 


Stored B data to A bus 


H 


H 


X 


X 


L 


X 


Input 


Ou^ut 


Real-time A data to B bus 


H 


H 


HorL 


X 


H 


X 


Input 


Output 


stored A data to B bus 




















H 


L 


H or L 


H or L 


H 


H 


Output 


Output 


stored B data to A bus 



t The data-output functions may be enabled or disabled by a variety of level combinations at OEAB or OEBA. Data-input functions always are 
enabled; i.e., data at the bus terminals is stored on every low-to-high transition of the clock inputs. 

4 Select control = L; clocks can occur simultaneously. 

Select control = H; clocks must be staggered to load both registers. 
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SN54LVTH16652, SN74LVTH16652 

3.3-V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS1 50J - JULY 1 994 - REVISED APRIL 1 998 



absolute maximum ratings over operating free-air temperature range (uniess otherwise noted)t 



Supply voltage range, Vcc “0-5 V to 4.6 V 

Input voltage range, V| (see Note 1 ) -0.5 V to 7 V 

Voltage range applied to any output In the high-Impedance 

or power-off state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1) -0.5 V to Vcc + 0.5 V 

Current into any output in the low state, Iq: SN54LVTH16652 96 mA 

SN74LVTH 16652 128mA 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16652 48 mA 

SN74LVTH16652 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) -50 mA 

Package thermal impedance, 0JA (see Note 3): DGG package 8^°C/\N 

DL package 74°C/W 

Storage temperature range, Tstg -65°C to 1 50°C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings oniy, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if fhe input and output clamp-current ratings are obsenred. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance Is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 







SN54LVTH166S2 


SN74LVTH 16652 








MIN 


MAX 


MIN 


MAX 




Vcc 


Supply voltage 


2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 


2 





2 


V 


V|L 


Low-level input voltage 


^.8 


0.8 


V 


V| 


input voltage 


# 5.5 


5.5 


V 


IQH 


High-level output current 


-24 


-32 


mA 


IQL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


Outputs enabled 


,-L.~ 

£ 


10 


10 


ns/V 


At/AVcc 


Power-up ramp rate 


<^00 


200 


psA/ 


Ta 


Operating free-air temperature 


-55 


125 


-40 


85 


°C 



NOTE 4; All unused control inputs of the device must be held at Vqq or GND to ensure proper device operation. Refer to the Tl application report, 
Implications of Siow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH16652, SN74LVTH16652 
3.3-V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS150J - JULY 1 994 - REVISED APRIL 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16652 


SN74LVTH 16652 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = “1 00 fiA 


VcC-0.2 


Vcc-0.2 


V 


Vcc = 2.7 V, IOH = -8mA 


2.4 


2.4 


Vcc = 3 V 


Iqh = -24 mA 


2 




Iqh = -32 mA 




2 


VoL 


Vcc = 2.7 V 


Iql = 100 iiA 


0.2 


0.2 


1 


Iql = 24 mA 


0.5 


0.5 


Vcc = 3 V 


Iql = 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




Iql = 64 mA 




0.55 


l| 


Control inputs 


Vcc = 0 or 3.6 V, V| = 5.5 V 


10 


10 


(lA 


Vcc = 3.6 V, V| = V(;^(;; or GND 




±1 


A or B portst 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = Vcc 




1 


O 

II 

>■ 




-5 


loft 


Vcc = 3, V| or Vq = 0 to 4.5 V 


A 


±100 


pA 


l|(hold) 


A or B ports 


Vcc = 3 V 


V| = 0.8 V 


're 


75 


pA 


V| = 2 V 


-75 


-75 


lOZPU 


Vcc = 0 to 1.5 V, Vo = 0.5 V to 3 V. 
OE/OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vcc = 1 -5 V to 0, Vq = 0.5 V to 3 V, 
OE/OE = don’t care 


±100* 


±100 


pA 


'cc 


Vcc = 3.6V.lo = 0. 
V| = Vcc GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec® 


Vcc = 3 V to 3.6 V, One input at Vec “ 0-6 V, 
Other inputs at Vcc O'” GND 


0.2 


0.2 


mA 


Ci 


V| = 3VorO 


4 


4 


PF 


Cio 


Vq = 3 V or 0 


10 


10 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqc = 3-3 V, = 25°C. 
t Unused pins at Vcc GND 

§ This is the increase in supply current for each input that is at the specified TTL voltage level rather than Vcc GND. 
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SN54LVTH16652, SN74LVTH16652 

3.3-V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS1 50J - JULY 1 994 - REVISED APRIL 1 998 



timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 2) 





SN54LVTH16652 


SN74LVTH16652 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


BZ33SSII 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


f^lock Clock frequency 


150 


150 


150 


150 


MHz 




3.3 


..-<^■3 


3.3 


3.3 


ns 


Setup time, 

A or B before CLKABt or CLKBAT 


Data high 


1.2 


m^m 


1.2 


1.5 


ns 


Data low 


2 , ❖ 


: 2.8 


2 


2.8 


Hold time, 

A or B after CLKABT or CLKBAT 


Data high 


0.5 


0 


0.5 


0 


ns 


Data low 


0.5 


0.5 


0.5 


0.5 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 2) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH16652 


1 SN74LVTH16652 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 

±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN TYPt MAX 


MIN MAX 


^max 






150 


150 


150 


150 


MHz 


tPLH 


CLK 


B or A 


1.3 4.5 


5 


1.3 2.7 4.2 


4.7 


ns 


tPHL 


■EHO 


5 




4.7 


tPLH 


A or B 


B or A 


1 3.6 


4.1 


1 2.4 3.4 


3.9 


ns 


tPHL 


1 3.6 


4.1 


1 2.1 3.4 


3.9 


'PLH 


SAB or SBA 


B or A 


1 4.7 


5.6 


1 2.7 4.5 


5.4 


ns 


tPHL 


1 4.7 


■1" 5.6 




5.4 


tpZH 


OEBA 


A 


1 


5.4 


1 1 2.4 4.3 


5.2 


ns 


'PZL 


1 4=« 


5.4 




5.2 


tPHZ 


OEBA 


A 


2 --6.8 


6.3 


2 3.9 5.6 


6.1 


ns 


tpuz 


2 5.6 


6.3 


2 3.4 5.4 


6.1 


tpZH 


OEAB 


B 


WBmm 


5.1 


1.3 2.7 4.2 


4.9 


ns 


*PZL 


1.3 4.4 


5.1 


1.3 2.6 4.2 


4.9 


tPHZ 


OEAB 


B 


1.6 5.8 


6.5 


1.3 3.5 5.5 


6.2 


ns 


!EU 


1.6 5.8 


6.5 


1.3 3.2 5.5 


6.2 



t All typical values are at Vcc = 3-3 V, Ta = 25°C. 
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SN54LVTH16652, SN74LVTH16652 
3.3-V ABT 16-BIT BUS TRANSCEIVERS AND REGISTERS 

WITH 3-STATE OUTPUTS 

SCBS1 50J - JULY 1 994 - REVISED APRIL 1 998 



PARAMETER MEASUREMENT INFORMATION 



From Output 

Under Test 

Cl = 50pF J_ 
(see Note A) 



soon 

-^WV— 



sy/ 



P 6V 
O Open 
g GND 



soon 



LOAD CIRCUIT 




TEST 


S1 


•PLH^PHL 

‘PLZ/tpZL 

tPHZ/*PZH 


Open 
6 V 
GND 



Timing Input 



Data Input 




2.7 V 
OV 



2.7 V 
OV 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 







• 2.7 V 
. 0 V 

VOH 

VOL 

VOH 

VOL 



VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 

Output 
Waveform 2 
S1 at GND 
(see Note B) 



X ' 

I , I 



1.5 V 



2.7 V 
0 V 



tPZL-^l U-tpLZ 

' I I 3V 



^ 0.3 V 

II "°‘- 

-►I r*~*PHz 



tpZH -W 



■\l.5V I \/C~ 

\ I .jL VoL-t- 



Vqh 

VOH-0.3V 



*0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: 



A. C{_ includes probe and jig capacitance. 

B. Waveform 1 is for an output with internal conditions such that the output Is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses are supplied by generators having the following characteristics: PRR< 10 MHz, Zq = SOn, tr<2.5 ns, tf<2.5 ns. 

D. The outputs are measured one at a time with one transition per measurement. 



Figure 2. Load Circuit and Voltage Waveforms 
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• Members of the Texas Instruments 
Widebus™ Family 

• State-of-the-Art Advanced BiCMOS 
Technoiogy (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signai Operation 
(5-V Input and Output Voltages With 
3.3-VVcc) 

• Support Unreguiated Battery Operation 
Down to 2.7 V 

• High-impedance State During Power Up 
and Power Down 

• Typical Vqlp (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, T* = 25°C 

• Bus Hold on Data Inputs Eliminates the 
Need for Externai Puliup/Puiidown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Distributed Vcc Configuration 

Minimizes High-Speed Switching Noise 

• Fiow-Through Architecture Optimizes PCB 
Layout 

• Package Options inciude Plastic 300-mii 
Shrink Smail-Outiine (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WD) Package 
Using 25-mil Center-to-Center Spacings 

description 

The ’LVTH1 6835 devices are 1 8-bit universal bus 
drivers designed for low-voltage (3.3-V) Wqq 
operation, but with the capability to provide a TTL 
interface to a 5-V system environment. 



SN54LVTH16835, SN74LVTH16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS713A- MARCH 1998 - REVISED MARCH 1998 



SN54LVTH16835 . . . WD PACKAGE 
SN74LVTH16835 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



NC[ 


1 


56 


]gnd 


NC[ 


2 


55 


]NC 


Y1[ 


3 


54 


]A1 


gnd[ 


4 


53 


]gnd 


Y2[ 


5 


52 


] A2 


Y3[ 


6 


51 


]A3 


Vcc [ 


7 


50 


jvcc 


Y4[ 


8 


49 


]A4 


Y5[ 


9 


48 


]A5 


Y6[ 


10 


47 


] A6 


gnd[ 


11 


46 


]gnd 


Y7[ 


12 


45 


]A7 


Y8[ 


13 


44 


]A8 


Y9[ 


14 


43 


]A9 


Y10[ 


15 


42 


]A10 


Y11 [ 


16 


41 


]A11 


Y12[ 


17 


40 


]A12 


gnd[ 


18 


39 


]GND 


Y13[ 


19 


38 


]A13 


Y14[ 


20 


37 


]A14 


Y15[ 


21 


36 


]A15 


Vcci 


22 


35 


] Vcc 


Y16[ 


23 


34 


]A16 


Y17[ 


24 


33 


]A17 


gnd[ 


25 


32 


]gnd 


Y18[ 


26 


31 


]A18 


OE[ 


27 


30 


]CLK 


LE[ 


28 


29 


]GND 



NC - No internal connection 




Data flow from A to Y is controlled by the output-enable (OE) input. These devices operate in the transparent 
mode when the latch-enable (LE) input is high. The A data is latched if the clock (CLK) input is held at a high 
or low logic level. If LE is low, the A data is stored in the latch/flip-flop on the low-to-high transition of the clock. 
When OE is high, the outputs are in the high-impedance state. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 

When Vcc 's between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE should be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 



Widebus is a trademark of Texas Instruments 



hTcorgorate^ 
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SN54LVTH16835, SN74LVTH16835 

3.3-V ABT 18-BIT UNIVERSAL BUS DRIVERS 

WITH 3-STATE OUTPUTS 

SCBS71 3A - MARCH 1 998 - REVISED MARCH 1 998 



description (continued) 

The SN54LVTH1 6835 is characterized for operation over the fuli miiitary temperature range of -55°C to 1 25°C. 
The SN74LVTH16835 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLE 



1 INPUTS 


OUTPUT 

Y 


OE 


LE 


CLK 


A 


H 


X 


X 


X 


z 


L 


H 


X 


L 


L 


L 


H 


X 


H 


H 


L 


L 


r 


L 


L 


L 


L 


T 


H 


H 


L 


L 


H 


X 


Yo+ 


L 


L 


L 


X 


Yo* 



t Output level before the Irtdicated steady-state 
input conditions were established, provided 
that CLK is high before LE goes low 
t Output level before the indicated steady-state 
input conditions were established 
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SN54LVTH16835, SN74LVTH16835 

3.3-V ABT 18-BIT UNIVERSAL BUS DRIVERS 

WITH 3-STATE OUTPUTS 

SCBS71 3A - MARCH 1 998 - REVISED MARCH 1 998 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc V to 4.6 V 

Input voltage range, V| (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high-impedance 

or power-oft state, Vq (see Note 1) -0.5 V to 7 V 

Voltage range applied to any output in the high state, Vq (see Note 1 ) -0.5 V to Vqc + 0-5 V 

Current into any output in the lo\« state, Iq: SN54LVTH16835 96 mA 

SN74LVTH16835 128 mA 

Current into any output in the high state, Iq (see Note 2); SN54LVTH16835 48 mA 

SN74LVTH16835 64 mA 

Input clamp current, I|k (V| < 0) -50 mA 

Output clamp current, Iqk (Vq < 0) “50 mA 

Package thermal impedance, 0 ja (see Note 3): DGG package 81 °C/W 

DL package 74°C/W 

Storage temperature range, Tgtg -65°C to 1 50“C 



t Stresses beyond those listed under “absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reiiabiiity. 

NOTES: 1 . The Input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is In the high state and Vq > Vcc- 

3. The package thermal impedance is calculated in accordance with JESD 51 . 



recommended operating conditions (see Note 4) 









SN54LVTH16835 


SN74LVTH16835 


UNIT 








MIN 


MAX 


MIN 


MAX 


Vcc 


Supply voltage 




2.7 


3.6 


2.7 


3.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|L 


Low-level input voltage 




0.8 


0.8 


V 


V| 


Input voltage 




5.5 


5.5 


V 


'OH 


High-level output current 




-24 


-32 


mA 


'OL 


Low-level output current 




48 


64 


mA 


At/Av 


Input transition rise or fall rate 


1 Outputs enabled 


10 


10 


nsA/ 


At/AVcc 


Power-up ramp rate 




200 


200 


psA/ 


ta 


Operating free-air temperature 




-55 


125 


-40 


85 


“C 



NOTE 4: All unused control inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer fo the Tl application report. 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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SN54LVTH16835, SN74LVTH16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVERS 
WITH 3-STATE OUTPUTS 

SCBS71 3A - MARCH 1 998 - REVISED MARCH 1 998 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16835 


SN74LVTH16835 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2-7V, l| = -18mA 


-1.2 


-1 .2 


V 


VOH 


VCC = 2.7 V to 3.6 V, Iqh = -1 0° I^A 


Vcc-0.2 


Vcc-0.2 


V 


Vcc = 2.7V, IOH = -8mA 


2.4 


2.4 


VcC = 3 V 


IqH = -24 mA 


2 




Iqh = -32 mA 




2 


VoL 


VcC = 2.7 V 


IqL = 100 pA 


0.2 


0.2 


V 


IqL - 24 mA 


0.5 


0.5 


Vcc = 3 V 


Iql = 10 


0.4 


0.4 


Iql “ 32 mA 


0.5 


0.5 


Iql = 48 mA 


0.55 




Iql = 64 mA 




0.55 


1 




Vcc = 0 ot 3.6 V, V| = 5.5 V 


10 


10 


pA 


Control inputs 


Vcc = 3.6 V, V| = Vcc or GND 


±1 


±1 


A inputs 


Vcc = 3.6 V 


V| = Vcc 


1 


1 


V| = 5.5V 


20 


20 


V| = 0 


-5 


-5 


'off 


Vqq = 0, V| or Vq = 0 to 4.5 V 




±100 


pA 


l|(hold) 


A inputs 


Vcc = 3 V 


V| = 0.8 V 


75 


75 


pA 


V| = 2V 


-75 


-75 


'OZH 


Vcc = 3.6 V, Vq = 3 V 


1 


1 


pA 


'OZL 


Vcc = 3.6 V, Vq = 0.5 V 


-1 


-1 


pA 


iqzpu 


Vqq = 0 to 1 .5 V, Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vqq = 1 .5 V to 0. Vq = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


icc 


Vqq = 3.6V,Io = 0. 
V| = Vqq or GND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alcc^ 


Vqq = 3 V to 3.6 V, One input at Vqq - 0.6 V, 
Other inputs at Vqq or GND 


0.2 


0.2 


mA 


Ci 


mmm 


V| = 3VorO 


3.5 


3.5 


PF 


Data inputs 


4.5 


4.5 


Co 


Vq = 3 V or 0 


11 


11 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at Vqq = 3.3 V, T/\ = 25®C. 

t This is the Increase in supply current for each Input that is at the specified TTL voltage level rather than '^CC o'" GND. 
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SN54LVTH16835, SN74LVTH16835 

3.3-V ABT 18-BIT UNIVERSAL BUS DRIVERS 

WITH 3-STATE OUTPUTS 

SCBS713A- MARCH 1998- REVISED MARCH 1998 



timing requirements over recommended operating free-air temperature range (uniess otherwise 
noted) (see Figure 1) 





SN54LVTH16835 


SN74LVTH16835 


UNn 


Vcc = 3.3V 
±0.3 V 


Vcc = 2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 


MIN MAX 


MIN MAX 


MIN MAX 


MIN MAX 


fciock Clock frequency 


150 


150 


150 


150 


MHz 


tv„ Pulse duration 


LE high 


3.3 


3.3 


3.3 


3.3 


ns 


CLK high or low 


3.3 


3.3 


3.3 


3.3 


tgu Setup time 


Data before CLKt 


1.6 


2.1 


1.6 


2.1 


ns 


Data before LEJ. 


CLK high 


2.6 


1.9 


2.6 


1.9 


CLK low 


2 


1.3 


2 


1.3 


tp Hold time 


Data after CLKT 


2 


2.1 


2 


2.1 


ns 


Data after LEi 


0.9 


1.2 


0.9 


1.2 



switching characteristics over recommended operating free-air temperature range, C|, = 50 pF 
(uniess otherwise noted) (see Figure 1) 









SNS4LVTH16835 


SN74LVTH1683S 




PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


Vcc = 3-3 V 
±0.3 V 


Vcc = 


2.7 V 


Vcc = 3.3 V 
±0.3 V 


Vcc = 


2.7 V 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


TYPt 


MAX 


MIN 


MAX 










150 


150 


150 


150 


MHz 


tPLH 






1.7 


5.4 


6.8 


1.7 


3 


5.4 


6.8 


ns 


'PHL 






1.6 


5.9 


7.7 


1.6 


3.2 


5.9 


7.7 


tPLH 


LE 




2.3 


7 


8.5 


2.3 


4 


7 


8.5 


ns 


tPHL 




2.7 


7.9 


9.7 


2.7 


4.3 


7.9 


9.7 


tPLH 


CLK 




2.5 


7.9 


9.2 


2.5 


4.1 


7.9 


9.2 


ns 


IPHL 




3.5 


6.9 


10.4 


3.5 


5.4 


8.9 


10.4 


tpZH 


OE 




1.2 


5 


5.9 


1.2 


3 


5 


5.9 


ns 


tpZL 




1.5 


5.8 


6.9 


1.5 


3 


5.8 


6.9 


>PHZ 


OE 




2.7 


7.4 


8.3 


2.7 


4.6 


7.4 


8.3 


ns 


tPLZ 




2.6 


6.7 


7.2 


2.8 




m 


7.2 
















ns 



t All typical values are at Vcc = 3.3 V, Ta = 25°C. 

t Skew between any two outputs of the same package switching in the same direction 
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SN54LVTH16835, SN74LVTH16835 
3.3-V ABT 18-BIT UNIVERSAL BUS DRIVERS 
WITH 3-STATE OUTPUTS 
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PARAMETER MEASUREMENT INFORMATION 



O 6 V 




H tw 




TEST 


SI 


tPLH/*PHL 

tPLZ/tpZL 

‘PHZ/*PZH 


Open 

6V 

GND 



Timing Input 



Data Input 




2.7 V 
0 V 

2.7 V 
0 V 



VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 







VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 



Output 
Waveform 1 
SI at 6 V 
(see Note B) 



Output 
Waveform 2 
S1 at GND 
(see Note B) 



1.5 V 



A_ A 

*PZL -►( |4— -♦! W- tpLZ 

' I I 



*PZH 



H- 



I I 

-»i r*“‘PHz 



2.7 V 
0 V 

3 V 
VoL 



Vqh 

VoH - 0-3 V 



.0 V 



VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES; A. 

B. 



C. 

D. 



Cl includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR s 1 0 MHz, Zq = 50 O, t^ S 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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SN54LVTH16952, SN74LVTH16952 
3.3-V ABT 16-BIT REGISTERED TRANSCEIVERS 
WITH 3-STATE OUTPUTS 

SCBS697D- JULY 1997- REVISED MARCH 1998 



• Members of the Texas Instruments 
Widebus'”* Family 

• State-of-the-Art Advanced BiCMOS 
Technology (ABT) Design for 3.3-V 
Operation and Low Static Power 
Dissipation 

• Support Mixed-Mode Signal Operation (5-V 
Input and Output Voltages With 3.3-V V^c) 

• Support Unregulated Battery Operation 
Down to 2.7 V 

• High-Impedance State During Power Up 
and Power Down 

• Typical Voi_p (Output Ground Bounce) 

< 0.8 V at Vcc = 3.3 V, Ta = 25X 

• Bus Hold on Data Inputs Eliminates the 
Need for External Pullup/Pulldown 
Resistors 

• Power Off Disables Outputs, Permitting 
Live Insertion 

• Distributed V^c and GND Pin Configuration 
Minimizes High-Speed Switching Noise 

• Flow-Through Architecture Optimizes PCB 
Layout 

• Latch-Up Performance Exceeds 500 mA 
Per JESD 17 

• ESD Protection Exceeds 2000 V Per 
MIL-STD-883, Method 3015; Exceeds 200 V 
Using Machine Model (C = 200 pF, R = 0) 

• Package Options Include Plastic 300-mil 
Shrink Small-Outline (DL) and Thin Shrink 
Small-Outline (DGG) Packages and 380-mil 
Fine-Pitch Ceramic Flat (WO) Package 
Using 25-mil Center-to-Center Spacings 



SNS4LVTH16952 . . . WD PACKAGE 
SN74LVTH169S2 . . . DGG OR DL PACKAGE 
(TOP VIEW) 



10EAB 


7^ 


"“se] 


1 CLKAB I 


2 


55 ] 


1 CLKENAB I 


3 


54 ] 


GND I 


4 


53 ] 


1A1 1 


5 


52 ] 


1A2 I 


6 


51 ] 


Vcc I 


7 


50 ] 


1A3| 


8 


49 ] 


1A4 


9 


48 ] 


1A5 1 


10 


47] 


GND 1 


11 


46 ] 


1A6 I 


12 


45 ] 


1A7 I 


13 


44 ] 


1A8 I 


14 


43] 


2A1 I 


15 


42 ] 


2A2 


16 


41] 


2A3 I 


17 


40 ] 


GND I 


18 


39 ] 


2A4 I 


19 


38 ] 


2A5 I 


20 


37 ] 


2A6 I 


21 


36 ] 


Vcc i 


22 


35 ] 


2A7 I 


23 


34] 


2A8 I 


24 


33 ] 


GND I 


25 


32 ] 


2CLKENAB | 


26 


31 ] 


2CLKAB I 


27 


30 ] 


20EAB 


28 


29 ] 



10EBA 

1CLKBA 

1CLKENBA 

GND 

1B1 

1B2 

Vcc 

1B3 

1B4 

1B5 

GND 

1B6 

1B7 

1B8 

2B1 

2B2 

2B3 

GND 

2B4 

2B5 

2B6 

Vcc 

2B7 

2B8 

GND 

2CLKENBA 

2CLKBA 

20EBA 



description 

The 'LVTH1 6952 devices are 1 6-bit registered transceivers designed for low-voitage (3.3-V) Vcc operation, but 
with the capability to provide a TTL interface to a 5-V system environment. 

These devices can be used as two 8-bit transceivers or one 1 6-bit transceiver. Data on the A or B bus is stored 
i n the regist ers on the low- to-high transition of the clock (CLKAB o rCLKB A) input p rovided that the clock-enable 
(CLKENAB or CLKENBA) input is low. Taking the output-enable (OEAB or OEBA) input low accesses the data 
on either port. 

Active bus-hold circuitry is provided to hold unused or floating data inputs at a valid logic level. 



Widebus is a trademark of Texas Instruments Incornorated. 



PRODUCTION DATA Information la current at of publication date. 
Products conform to apecificatlons per the terms of Texas Instruments 
standard warranty. Production processing does not necessarily include 
testing of all parameters. 
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description (continued) 

When Vcc is between 0 and 1 .5 V, the device is in the high-impedance state during power up or power down. 
However, to ensure the high-impedance state above 1 .5 V, OE shouid be tied to Vcc through a pullup resistor; 
the minimum value of the resistor is determined by the current-sinking capability of the driver. 

The SN54LVTH1 6952 is characterized for operation over the full military temperature range of -55°C to 1 25°C. 
The SN74LVTH16952 is characterized for operation from -40°C to 85°C. 



FUNCTION TABLEt 



1 INPUTS 


OUTPUT 

B 




CLKAB 




A 


CLKENAB 


OEAB 


H 


X 


L 


X 


Bo* 


X 


L 


L 


X 




L 


T 


L 


L 




L 


T 


L 


H 


H 


X 


X 


H 


X 


Z 



t A-to-B data flow is shown; B-to-A data flow is similar, but 
uses CLKENBA, CLKBA, and OEBA. 
t Level of B before the indicated steady-state input 
conditions were established 
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logic symbolt 





56 




EN3 


10EBA 






1CLKENBA 


54 


[\ 


G1 


55 








1CLKBA 


> 1C5 


1 






EN4 


10EAB 


3 




G2 


1CLKENAB 


2 







1CLKAB 



20EBA 

2CLKENBA 

2CLKBA 



29 



31 



30 



20EAB 

2CLKENAB 

2CLKAB 

1A1 

1A2 

1A3 

1A4 

1A5 

1A6 

1A7 

1A8 

2A1 

2A2 

2A3 

2A4 

2A5 

2A6 

2A7 

2A8 



28 



26 



10 



12 



13 



14 



15 



16 

17 



19 

20 



21 

23 



24 












27 



2C6 

EN9 

G7 

t> 7C11 
EN10 
G8 

> 8C12 



9 ^ 



V 3 5D 


6D 4 V 


















V 9 11D 


12D 10V 

















52 



51 



49 



48 



45 



44 



43 



42 



41 

40 



38 

37 



36 

34 



33 



1B1 

1B2 

1B3 

1B4 

1B5 

1B6 

1B7 

1B8 

2B1 

2B2 

2B3 

2B4 

2B5 

2B6 

2B7 

2B8 



tlhis symbol is In accordance with ANSI/IEEE Std 91-1984 and lEC Publication 617-12. 
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logic diagram (positive logic) 




To Seven Other Channels 




2CLKENBA 

2CLKBA 

20EM 

2B1 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 



Supply voltage range, Vcc 

Input voltage range, V| (see Note 1) 

Voltage range applied to any output in the high-impedance 

or po\wer-off state, Vq (see Note 1) 

Voltage range applied to any output in the high state, Vq (see Note 1) . . . . 

Current into any output in the low state, Iq: SN54LVTH16952 

SN74LVTH 16952 

Current into any output in the high state, Iq (see Note 2): SN54LVTH16952 

SN74LVTH16952 

Input clamp current, I|k (V| < 0) 

Output clamp current, Iqk (Vq < 0) 

Package thermal impedance, 0 ja (see Note 3): DGG package 

DL package 

Storage temperature range, Tgtg 



-0.5 V to 4.6 V 

-0.5 V to 7 V 

-0.5 V to 7 V 

-0.5 V to Vcc + 0-5 V 

96 mA 

128 mA 

48 mA 

64 mA 

-50 mA 

-50 mA 

81°C/W 

74°C/W 

-65°Cto 150°C 



t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1 . The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

2. This current flows only when the output is in the high state and Vq > Vcc- 

3. The package thermal impedance Is calculated In accordance with JESD 51 . 



recommended operating conditions (see Note 4) 





SNS4LVTH169S2 


SN74LVTH16952 


UNIT 


MIN MAX 




Vcc Supply voltage 


2.7 3.6 




V 


V|H High-level input voltage 


2 


2 


V 


V|i_ Low-level input voltage 


0.8 


0.8 


V 


V| Input voltage 


5.5 


5.5 


V 


Iqh High-level output current 


-24 


-32 


mA 


Iql Low-level output current 


48 


64 


mA 


At/Av Input transition rise or fall rate | Outputs enabled 


10 


10 


nsA^ 


At/AVcc Power-up ramp rate 


200 


200 


psA/ 


T/\ Operating free-air temperature 


-55 125 


-40 85 


“C 



NOTE 4: All unused control inputs of the device must be held at Vcc or GND to ehsure proper device operation. Refer to the Tl application report, 
Implications of Slow or Floating CMOS Inputs, literature number SCBA004. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


SN54LVTH16952 


SN74LVTH16952 


UNIT 


MIN TYPt MAX 


MIN TYPt MAX 


V|K 


Vcc = 2.7 V, l| = -18mA 


-1.2 


-1.2 


V 


VOH 


Vcc = 2.7 V to 3.6 V, Iqh = -1 00 pA 


Vcc-0.2 


Vcc-0.2 


■ 


Vcc = 2.7 V, Iqh = -8 mA 


2.4 


2.4 


Vcc=3V 


lOH = -24 mA 


2 




Iqh = -32 mA 




2 


VoL 


Vcc = 2.7 V 


Iql = 100 |aA 


0.2 


0.2 


1 


Iql = 24 mA 


0.5 


0.5 


VCC=3V 


IOL = 16 mA 


0.4 


0.4 


Iql = 32 mA 


0.5 


0.5 


Iql - ^ foA 


0.55 




lOL = 64 mA 




0.55 


1 


Control Inputs 


Vcc = 3.6 V, V| = Vcc GND 


±1 


±1 


pA 


Vcc = 0 3.6 V, V| = 5.5 V 


10 


10 


A or B portst 


Vcc = 3.6 V 


V| = 5.5 V 


20 


20 


V| = Vcc 


1 


1 


V| = 0 


-5 


-5 


'off 


Vcc = 0. V| or Vo = 0 to 4.5 V 




±100 


pA 


'l(hold) 


A or B ports 


VCC = 3V 


V| = 0.8 V 


75 


75 


pA 


V| = 2 V 


-75 


-75 


lOZPU 


yee = 0 to 1 ,5 V, Vo = 0.5 V to 3 V, 
OE = don’t care 


±100* 


±100 


pA 


'OZPD 


Vqc = 1.5 V to 0, Vo = 0.5 V to 3 V, 
OE = don't care 


±100* 


±100 


pA 


Ice 


Vcc = 3.6 V, 

Io = 0, 

V| = VccotGND 


Outputs high 


0.19 


0.19 


mA 


Outputs low 


5 


5 


Outputs disabled 


0.19 


0.19 


Alec® 


Vcc = 3 V to 3.6 V, One input at Vcc “ O-® V, 
Other inputs at Vcc o'" ®ND 


0.2 


0.2 


mA 


Ci 


V| = 3 V or 0 


4 


4 


PF 


C|o 


Vo = 3 V or 0 


10 


10 


PF 



* On products compliant to MIL-PRF-38535, this parameter is not production tested, 
t All typical values are at '^CC - 3.3 V, = 25®C. 
t Unused pins at Vcc o*' GND 

§ This is the Increase In supply current for each Input that is at the specified TTL voltage level rather than Vcc o’" GND. 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 





SNS4LVTH16952 


SN74LVTH16952 


UNIT 


Vcc = 3-3 V 
±0.3V 


Vcc = 2-7 V 


Vcc = 3.3 V 
±0.3V 


Vcc = 2.7 V 




MIN MAX 


MIN MAX 


MIN MAX 


fciock Clock frequency 


150 


150 


150 


150 


MHz 


tyv Pulse duration 


CLK high or low 


3.3 


3.3 


3.3 


3.3 


ns 


tsu Setup time 


A or B before CLK 


1.9 


2.5 


1.7 


2.5 


ns 


CLKEN before CLK 


2 


2.8 


2 


2.8 


Hold time 


A or B after CLK 


0.8 


0.7 


0.8 


0 


ns 


CLKEN after CLK 


0.4 


0.4 


0.4 


0 



switching characteristics over recommended operating free-air temperature range, C|_ = 50 pF 
(unless otherwise noted) (see Figure 1) 



PARAMETER 


FROM 

(INPUT) 


TO 

(OUTPUT) 


SN54LVTH16952 


SN74LVTH16952 


UNIT 


Vcc = 3.3 V 
±0.3 V 


Vcc = 2.7 V 




Vcc = 2.7 V 


MIN MAX 




MIN TYPt MAX 










150 


150 


150 


150 


MHz 


'PLH 


CLKBA or 
CLKAB 


A or B 


1.3 4.6 


5.1 


1.3 2.7 4 


4.4 


ns 


tPHL 


1.3 4.6 


4.7 


1.3 2.7 4 


4.4 


tPZH 


OEBAorOEAB 


A or B 


1 4.3 


5.1 


1 2.3 4 


4.9 


ns 


tpZL 


1.2 4.2 


5.1 


1 2.4 4 


4.9 


tPHZ 


OEBA or OEAB 


A or B 


1.8 6.2 


6.5 


2.1 3.9 5.7 


6.2 


ns 


!EU 


1.6 5.4 


5.6 


2.1 3.5 5.1 


5.3 



t All typical values are at Vcc = 3-3 V, T/\ = 25°C. 
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PARAMETER MEASUREMENT INFORMATION 




VOLTAGE WAVEFORMS 
PULSE DURATION 



VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 




VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 
INVERTING AND NONINVERTING OUTPUTS 



Output 

Control 

Output 
Waveform 1 
S1 at 6 V 
(see Note B) 

Output 
Waveform 2 
SI at GND 
(see Note B) 




VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 
LOW- AND HIGH-LEVEL ENABLING 



NOTES: A. 

B. 

C. 

D. 



Cl includes probe and jig capacitance. 

Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with ihternal conditions such that the output is high except when disabled by the output control. 

All input pulses are supplied by generators having the following characteristics: PRR < 1 0 MHz, Zq = 50 £2, t,. < 2.5 ns, tf < 2.5 ns. 
The outputs are measured one at a time with one transition per measurement. 



Figure 1. Load Circuit and Voitage Waveforms 
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IMPORTANT NOTICE 



Texas Instruments Incorporated (Tl) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to obtain 
the latest version of relevant information to verify, before placing orders, that the information being 
relied on is current. 

Tl warrants performance of its semiconductor products and related software to current specifications 
in accordance with Tl’s standard warranty. Testing and other quality control techniques are utilized 
to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 

Please be aware that Tl products are not intended for use in life-support appliances, devices, or 
systems. Use of Tl product in such applications requires the written approval of the appropriate Tl 
officer. Certain applications using semiconductor devices may involve potential risks of personal 
injury, property damage, or loss of life. In order to minimize these risks, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. Inclusion 
of Tl products in such applications is understood to be fully at the risk of the customer using Tl devices 
or systems. 

Tl assumes no liability for applications assistance, customer product design, software performance, 
or infringement of patents or services described herein. Nor does Tl warrant or represent that any 
license, either express or implied, is granted under any patent right, copyright, mask work right, or 
other intellectual property right of Tl covering or relating to any combination, machine, or process in 
which such semiconductor products or services might be or are used. 



Copyright © 1994, Texas Instruments Incorporated 
Printed in the U.S.A. 
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Introduction 



The increasing demand for lower system power consumption has brought many new design challenges. Among them is the 
problem of safely and efficiently interfacing the various switching levels in today’s mixed 3.3-V and 5-V systems while 
maintaining the lowest possible total system power consumption. Two competing methods of accomplishing this mixed-mode 
signal translation have emerged: 

• Split-rail or dual 3.3-V and 5-V Vcc devices 

• Completely 5-V tolerant, pure 3.3-V Vqq components 

This application report deals with the pros and cons of using both device types and offers additional suggestions for even greater 
system power savings. 



Split-Rail Level Shifters 

Split-rail level shifters are a class of transceiver devices that have both a 5-V and 3.3-V V^c rail. Products in this class can 
be used effectively as level shifters and datapath voltage translators, but the following precautions are usually recommended: 

• Dual-Vcc rail devices typically have strict power sequencing requirements to prevent leakage or even damage to 
the devices in the event that one ^cc rail ramps faster than the other. These stringent requirements are often difficult 
to meet from a system-timing standpoint and offer little flexibility for partial system power down or other advanced 
power-saving design techniques. 

• Simply because the device has a 5-V V^c pin does not necessarily ensure that the part will actually switch all the 
way to the 5-V rail. Switching to 5 V is one way to reduce the power consumption in 5-V memories or other pure 
5-V CMOS circuits that are driven by a level-shifter device (this application report will demonstrate others as well). 

The data sheet for the product in question reveals whether the part drives all the way to the 5-V rail. If the output high-voltage 
(Vqh) minimum is around 4.44 V, it does drive to the rail. Five-volt level shifters with TTL-compatible outputs typically drive 
only to around 3.6 V. 

5-V Tolerant, Pure 3.3-V Vcc Level Shifters 

A second class of products created to meet these design challenges offers the same voltage translation and level-shifting 
capabilities as the split-rail devices previously mentioned. From a single V^c source, they avoid the power-sequencing 
problems of the split rails and also are offered in a number of functions, bit widths, and storage options. The one potential 
drawback of the single-Vcc products is that the outputs do not pull all the way to the 5-V Wqq rail. But, is this really 
a drawback? 
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The Misconception About Alec 



The component selection of a level shifter impacts two major aspects of total system-power dissipation: 

• The impact that the V qjj level of the driving part (A, in Figure 1 ) has on the power dissipation of the receiving device 
(B, in Figure 1), commonly known as AI^c 

• The power of the device itself 



3.3-V Vec 
Subsystem 



Level-Shifting 

Driver 



5-V CMOS 
Receiver 



> 



5-V Vec 
Subsystem 



Note: Unidirectional mode illustrated for simplicity. 

Figure 1. Basic Logic Data Transceiver 



Alec the added power dissipation induced into a TTL-compatible 5-V CMOS device (B, in Figure 1) due to the Vqh level 
of the driving device (A, in Figure 1). It would be correct to expect that a TTL-compatible 5-V CMOS product have higher 
power dissipation if it was driven by a device with a Vqh 3.6 V than if that same device was driven by a 5-V Vqh driver. 



Figure 2 shows a typical CMOS input stage and the AIqc current associated with switching the device through the input voltage 
range from 0 to Vec- 



CMOS Input Structure 

vec 




GND 




0 1 2 3 4 5 



V|N - Input Voltage - V 



Figure 2. Basic CMOS Input Structure and Typical Alec Current 

As expected, the Alec current approaches zero at the Vec and ground rails, and peaks in the TTL-threshold region of 1.5 V. 

Figure 3 is a graph of the Alec (i-e., additional Ice) that is induced into a 16-bit device (all outputs switching) as a function 
of Vqh and frequency. 
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0 5 10 15 20 25 30 35 40 45 50 

Frequency - MHz 



Figures. Alcc-16*Bit Device 



As shown in Figure 3, Alee 2 to 3 mA higher for the case where Vqh is only 3.1V, than for the same device driven 

to the 5-V rail by a pure 5-V CMOS device. From this, one might conclude that the best possible solution would be to always 
select a part that switches all the way to the 5-V rail, but this conclusion fails to consider the impact of system power on the 
driving device. 



Figure 4 shows the Vqh of two devices: the FCT 164245 split-rail device from Integrated Device Technologies (IDT) and the 
'LVT16245A from Texas Instruments. 




0 5 10 15 20 25 30 35 

Time - ns 



Figure 4. Vqh of FCT1 64245 and LVT16245A 



From Figure 4, it can be correctly concluded that the induced Alee current in a part driven by the LVT part would be higher 
than the FCT device. The problem with this conclusion is that Alec only one of the two components of total system power 
dissipation that selection of a level-shifter device has from a system standpoint. 
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Figure 5 shows the total power dissipation of the same IDT split-rail device, the TI 'LVT16245A, and the worst-case AI^c 
(Vqh = 3.1 V) plotted on the same vertical scale. 




0 10 20 30 40 50 



Frequency - MHz 



Figure 5. Total-System Power-Dissipation Impact 

From Figure 5, it can be seen that, even if a split-rail device pulls all the way to the 5-V rail (which the IDT part does not), the 
power savings in AI^p ** more than offset by the huge switching currents that the split rail draws from the 5-V rail. The negative 
implications on heating, reliability, and battery life are obvious. 



More Savings Are Possible 

Some systems use a means of power savings known as partial power down. In partial power-down mode, a system basically 
shuts off the Vcc 1° some unused circuits during times of inactivity, thus eliminating even low standby currents. All of the 
members of TI’s low- voltage technology (LVT) product line previously mentioned offer a parametric specification I^jf, which 
ensures that the output pins of the parts remain in a high-impedance state when the supply voltage is at 0 V. This prevents an 
inactive LVT device from dragging down the bus of an active part in the system and allows the LVT part to become a partition 
for the partially powered-down unused subsystem. The LVT device still functions as a level shifter and voltage translator when 
power is restored to the inactive subsystem. 

Another aspect of system power dissipation is the use of passive resistor pullups to keep a local bus from floating and causing 
damage to the devices on the bus. Pullups were sufficient for the older desktop systems where power consumption was not 
as much of a concern, but pullup resistors in portable equipment can have a serious impact on battery life, and as such must 
be addressed. 

Products like the 'LVT16245A (and others) from TI have a circuit feature called a bus-hold cell (shown in Figure 6). This cell 
eliminates these passive components and all of the procurement costs, board space, bus parasitics, and power dissipation 
associated with them. The bus-hold cell does not load down the bus or add any significant power dissipation to the LVT device. 
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Input Inverter 
Stage 




Conclusion 

Mixed 3.3-V and 5-V systems can be optimized for low power and low cost by the judicious selection of the appropriate 
voltage-level shifter component. Split-rail level shifters can affect this voltage translation, but selection of this device is 
burdened with serious design tradeoffs in power sequencing, partial system power down, and system power dissipation. 
Further savings in both power and component cost can be realized if the component selected has a bus-hold cell or other means 
of eliminating passive system components. 
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IMPORTANT NOTICE 



Texas Instruments (Tl) reserves the right to make changes to its products or to discontinue any semiconductor 
product or service without notice, and advises its customers to obtain the latest version of relevant information 
to verify, before placing orders, that the information being relied on is current and complete. 

Tl warrants performance of its semiconductor products and related software to the specifications applicable 
at the time of sale in accordance with Tl’s standard warranty. Testing and other quality control techniques are 
utilized to the extent Tl deems necessary to support this warranty. Specific testing of all parameters of each 
device is not necessarily performed, except those mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, personal injury, or 
severe property or environmental damage (“Critical Applications”). 

Tl SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED 
TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER 
CRITICAL APPLICATIONS, 

Inclusion of Tl products in such applications is understood to be fully at the risk of the customer. Use of Tl 
products in such applications requires the written approval of an appropriate Tl officer. Questions concerning 
potential risk applications should be directed to Tl through a local SC sales office. 

In order to minimize risks associated with the customer’s applications, adequate design and operating 
safeguards should be provided by the customer to minimize inherent or procedural hazards. 

Tl assumes no liability for applications assistance, customer product design, software performance, or 
infringement of patents or services described herein. Nor does Tl warrant or represent that any license, either 
express or implied, is granted under any patent right, copyright, mask work right, or other intellectual property 
right of Tl covering or relating to any combination, machine, or process in which such semiconductor products 
or services might be or are used. 



Copyright © 1998, Texas Instruments Incorporated 
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Thermal Considerations for Standard Linear and Logic (SLL) Packages and Devices 

Users of Texas Instruments (TF“) SLL products must consider device power dissipation, package power capability, and 
maximum ambient temperatures when designing with these products. The product users also need to be aware of the long-term 
reliability impact of maximum device-junction temperatures. 

This application report is intended to help users understand and evaluate these factors. Three concepts • — package thermal 
performance, device power dissipation, and reliability — are discussed in separate sections. 

The first section. Package Thermal Performance, includes data about the recently developed EIA/JEDEC Standard JESD 5 1 
for package thermal-impedance measurement. It discusses most SLL package types and lists (thermal impedance) values 
for those packages. 

The second section. Power Calculation, discusses the power consumption by CMOS and BiCMOS/bipolar semiconductors. 
Standard formulas are given that allow the user to calculate the maximum power dissipated by a device in a typical appUcadon 
using data-book specifications, operating frequency, and voltage. The only characteristic not readily known is the output 
loading of the devices under consideration. 

The third section. Benefits of Minimizing Power Consumption, discusses ways to reduce power consumption and the 
benefits thereof. 

The final section. Reliability Implications, discusses the effects of chip temperature on reliability and electromigration. 
Information presented in this section allows the user to make an informed judgment as to the maximum chip temperature versus 
device wearout acceptable in the particular application. 

The recommended analysis procedure is to assume a maximum chip temperature (see Reliability Implications) then, using 
values for the chosen package (see Package Thermal Performance) and the known environmental requirements, calculate the 
maximum permissible power for that package. The formula presented in the Power Calculation section can then be used to 
ensure the operating conditions do not exceed the power capability of the chosen package type. Of course, the user can choose 
to calculate the maximum power from the application, then select a package that ctm meet the power dissipation requirement. 



Tl is a trademark of Texas Instruments Incorporated. 
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Package Thermal Performance 



The most common measure of package thermal performance is thermal impedance (0ja) measured (or modeled) from the chip 
junction to the air surrounding the package surface (ambient). The mathematical expression for 0 ja is: 




Where: 

Tj = chip Junction temperature 
Tg = ambient temperature 
P = device power dissipation 

0JA values are also the most subject to interpretation. Factors that can greatly influence the measurement and calculation of 
0JA ate: 

• Whether or not the device is board mounted 

• Trace size, composition, thickness, and geometry 

• Orientation of the device (horizontal or vertical) 

• Volume of the ambient air surrounding the device under test and airflow 

• Whether other surfaces are in close proximity to the device being tested 

JEDEC established the JC 15.1 committee, comprising industry representatives, to develop industry-standard specifications 
for thermal testing. The specifications include development of electrical test procedures, careful descriptions of appropriate 
test environments, guidelines for the design of thermal test chips, guidelines for thermal modeling, and specifications for 
component mounting. The specifications for component mounting are divided into a series for different package types. The 
specifications include test-board descriptions for low effective thermal-conductivity test boards with a single metal layer and 
high effective thermal-conductivity test boards with embedded solid copper planes simulating system power and 
ground planes. 

In August 1996, the Electronics Industries Association released JESD 51-3 titled Low Effective Thermal Conductivity Test 
Board for Leaded Surface Mount Packages. The standard describes guidelines with parameters for thermal-test-board design 
for low effective thermal conductivity (one signal layer in the trace fanout area) as differentiated from a multilayer 
printed-circuit board (PCB), which might include power and ground planes. The specified parameters include the area of the 
test board, the amount of copper traces on the test board, and the resulting trace fanout area, each important to the heat-sinking 
characteristics of the PCB . Prior to release of the standard, thermal-impedance data for similar packages varied widely within 
the industry due to the use of different test-board designs. As the industry adopts this standard methodology, 
thermal-impedance variations from test-board design should be minimized. 

Key features of the standard test-board design are: 

• Board thickness: 0.062 in. 

• Board dimensions: 4.0 x 4.5 in. for packages > than 27 mm in length, 3.0 x 4.5 in. for packages S 27 mm in length 

• Trace thickness: 0.0028 in. 

• Trace length: 25.0 mm (0.984 in.) 

The SLL product group uses test boards designed to JESD 51-3 for thermal-impedance measurements. The parameters outlined 
in the standard also are used to set up thermal models. The thermal-model program used by SLL is ThermCAL, a 
finite-difference thermal-modeling tool. 

Eleven SLL packages were tested using a JEDEC test-board design and compared to ThermCAL model results to validate the 
correlation between model results and data (see Table 1). This comparison shows that the models are accurate to within 10% 
of measured data. In many cases the model data varies from measured data by less than 5%. 
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Table 1. Package Comparison 



PACKAGE TYPE 
(PINS, DESIGNATION) 


DIE SIZE 
(mils) 


0JA 

MEASURED 

("C/W) 


0JA 

MODELED 

O’C/W) 


CHANGE 

(%) 


56 DL 


120 X 120 


73.5 


78.3 


6.5 


20 DW 


62x62 


96.6 


90.9 


-5.9 


160 PCM 


240 X 240 


34.9 


34.9 


0 


52 PAHt 


120 X 120 


87.2 


92.2 


5.7 


52 PAH* 


120 X 120 


72.7 


75.2 


3.4 


100 PZ 


360 X 360 


45 


42.8 


-4.9 


208 PDV 


240x240 


50.1 


52.8 


5.4 


48DGG 


120 X 120 


89.1 


93.5 


4.9 


14DGV 


62x62 


181.5 


191.7 


5.6 


48 DGV 


62 X 186 


92.9 


89.9 


-3.2 


100 PC A 


240 X 240 


33.3 


34.9 


4.8 



t S-pad leadframe 
t Conventional leadframe 



After the accuracy of the model results was established, all other SLL packages could be modeled. 6 ja data based on JESD 51-3 
is available for all SLL leaded surface-mount packages (see Table 2). The data is grouped by package type with values of 0 ja 
shown at different airflow levels. Leadframe pad size and die size are shown. 

Junction-to-case thermal-impedance (0jc) data is shown with the junction-to-ambient data. Measured 0jf; data was generated 
for the packages tested using the JEDEC PCB. Previously published values of 0jc are used for packages not yet tested using 
the PCB designed to JESD 51-3. 
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Table 2. SLL Package ThermaMmpedance Data 



PIN 

COUNT 


TI 

PACKAGE 


JEDEC 

SPECIFICATION 


PAD SIZE 
(mils) 


CHIP 

SIZE 

(mils) 


1 sole 


14 


D 


MS-012 


70x70 


32x37 


16 


D 


MS-012 


90x90 


44x65 


20 


DW 


MS-013 


90x 110 


62x62 


24 


DW 


MS-013 


140 X 160 


84 X 122 


28 


DW 


MS-013 


120 X 140 


90 X 128 


1 SSOP 


14 


DB 


MO-150 


71 x71 


43x52 


16 


DB 


MO-150 


83x91 


51 x61 


20 


DB 


MO-150 


87 X 106 


61 x65 


24 


DB 


MO- 150 


87 X 106 


74x91 


20 


DBQ 


MS- 137 


96 X 140 


61 x75 


24 


DBQ 


MS- 137 


96 X 140 


61 x75 


28 


DL 


MO-U8 


150 X 180 


97 X 142 


48 


DL 


MO-118 


120 X 180 


73 X 128 


56 


DL 


MO-118 


150 X 220 


120 X 120 


1 PLCC 


28 


FN 


MS-018 


300x348 


214x319 


44 


FN 


MS-018 


270 X 270 


235 X 235 


68 


FN 


MS-018 


325 X 325 


280 X 280 


84 


FN 


MS-018 


275 X 275 


188 X 185 


1 QFP 


52 


RC 


MS-022 


210x210 


120 X 120 


80 


PH 




265 X 265 


232 X 240 


132 


PQ 


MO-069 


315x315 


272 X 272 


144 


PCM 


MS-022 


433x433 


338 X 338 


160 


PCM 


MS-022 


511 x511 


433 X 433 


208 


PPM 


MO- 143 


413x413 


268 X 268 


1 TQFP 


52 


PAH 


MO- 136 


S-Pad 


120 X 120 


52 


PAH 


MO- 136 


3.5 x3.5 mm 


120x120 


64 


PM 


MO- 136 


6.75 X 6.75 mm 


235 X 235 


64 


PAG 


MO-136 


S-Pad 


240 X 240 


80 


PN 


MO-136 


S-Pad 


240 X 240 


100 


PZ 


MO- 136 


S-Pad 


360x360 


100 


PZ 


MO- 136 


S-Pad 


240x240 


100 


PCA 


MO-136 


6.5 X 6.5 mm 


240 x 240 


120 


PCB 


MO- 136 


6.5 X 6.5 mm 


240X240 


144 


PGE 


MO- 136 


342 X 350 


378 X 378 


208 


PDV 


MO-136 


S-Pad 


240 x 240 



0JA (®CAV) AT AIRFLOW 
(LFM) 



MEASURED/ 0jc 
MODELED (°C/W) 







































































































































































































































































































































































































Table 2. SLL Package Thermal-Impedance Data (Continued) 



PIN 

COUNT 


TI 

PACKAGE 


JEDEC 

SPECIFICATION 


PAD SIZE 
(mils) 


CHIP 

SIZE 

(mUs) 


0JA (“CAV) AT AIRFLOW 
(LFM) 


MEASURED/ 

MODELED 


0JC 

(®C/W) 


0 1 150 


250 


500 


SOP 


14 


NS 


EIAJ-TYPE-n 


79x87 


55x57 


127.1 


103.7 


95.5 


85.2 


Modeled 


95 


16 


NS 


EIAJ-TYPE-n 


87 X 142 


76x86 


111.3 


89.3 


81.4 


71.5 


Modeled 


95 


20 


NS 


EIAJ-TYPE-n 


87 X 118 


60x77 


100.3 


82.8 


76.2 


68 


Modeled 


90 


TSSOP 


14 


PW 


MO- 153 


71 x71 


48x53 


169.8 


146.7 


136 


121.7 


Modeled 


35 


16 


PW 


MO- 153 


104X 104 


56x76 


148.9 


127.9 


117.6 


103.9 


Modeled 


35 


20 


PW 


MO- 153 


102 X 106 


53x69 


128 


110.6 


101.9 


90.8 


Modeled 


34 


24 


PW 


MO-153 


94 X 140 


74x91 


119.9 


98.8 


90.6 


80 


Modeled 


33 


48 


DGG 


MO- 153 


4.6 X 3.2 mm 


120 X 120 


89.1 


78.5 


75.1 


69.4 


Measured 


25.2 


56 


DGG 


MO- 153 


3.94 X 5.08 mm 


132 X 176 


81.2 


72.8 




57.9 


Modeled 


13 


64 


DGG 


MO- 153 


5.7 X 3.6 mm 


120 X 120 


72.9 


63.3 




57.1 


Measured 


21.3 


TVSOP 


14 


DGV 


MO-194 


75x75 


62x62 


181.5 


165.8 


159.5 


150.4 


Measured 


66.7 


16 


DGV 


Mai94 


75x75 


65x65 


179.6 


153.2 


141.7 


126.3 


Modeled 




20 


DGV 


MO- 194 


104x 104 


94x94 


146.1 


122.3 


111.6 


97.4 


Modeled 




24 


DGV 


MO- 194 


104x 104 


94x94 


138.6 


116.2 


106.2 


93.2 


Modeled 




48 


DGV 


MO- 194 


100 x 240 


62 X 186 


92.9 


80.9 


77.1 


71 


Measured 


27.2 


56 


DGV 


MO- 194 


100 X 274 


90 x 262 


85.9 


64.6 


57.1 


48.4 


Modeled 




80 


DBB 


MO-194 


100 X 224 


93 X 203 


105.6 


78.4 




63.7 


Modeled 




PDIP (assumes zero trace length) 


00 


P 


MS-001 






104 










41 


14/16 


N 


MS-001 






78 










32 


20 


N 


MS-001 






67 










33 


24 


NT 


MS-001 






67 










25 






BGA 


















256 


GFN 


MO-151 






42 








ANAM data 


6.2 


388 


GE^ 


MO-151 






18.9 








Model data 
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Power Calculation 



Reduction of power consumption makes a device more robust and reliable. When calculating the total power consumption of 
a circuit, both the static and the dynamic currents must be taken into account. Both bipolar and BiCMOS devices have varying 
static-current levels, depending on the state of the output (IccL’ IcCH’ Iccz)> while a CMOS device has a single value for 
Icc- These values can be found in the individual data sheets. TTL-compatible CMOS and BiCMOS inputs, when driven at TTL 
levels, also consume additional current because they may not be driven all the way to or GND; therefore, the input 
transistors are not switched completely off. This value, known as AI^c, also is provided in the data sheet. 

Due to the high operating frequencies, there is a strict limit on power consumption in computer systems. Therefore, allowable 
power consumption for each device on a board must be minimized. Power calculations are made to determine power-supply 
sizing, current requirements, cooling/heatsink requirements, and criteria for device selection. Power calculation also can 
determine the maximum rehable operating frequency. 

There are two components that establish the amount of power consumption in a CMOS circuit: 

• Static power consumption 

• Dynamic power consumption 

Dynamic power consumption results from charging and discharging external load and internal parasitic capacitances. The 
parameter for CMOS device parasitic capacitance is Cpjj, which is listed in the data sheet and is obtained using equations 2 
and 3: 

C = c (2) 

V V f '-Mem ' ' 

^Mem = C|_ X Nsw X ^ 

To explain the Cpd and the method of calculating dynamic power, see Table 3, which indicates the Cp<j test conditions for AHC 
devices. The symbols used in Table 3 are: 

V = Vcc (5 V) 

G = ground (0 V) 

1 = high logic level = V^c (5 V) 

0 = low logic level = ground (0 V) 

X = don’t care: 1 or 0, but not switching 
C = 50% duty cycle input pulse (1 MHz) (see Figure 1) 

D = 50% duty cycle input (1/2 frequency) out-of-phase input pulse (see Figure 1) 

S = standard ac output load (50 pF to GND) 




Figure 1. Input Waveform 

Table 3 shows the switching of each pin for AHC devices. Once the Cpj is determined from the table, the Pjy is easy to calculate 
using equations explained in the following sections. 

Although a Cpj value is not provided for ABT and LVT, the Ic(;; versus frequency curves display essentially the same 
information (see Figures 2 and 3). The slope of the curve provides a value in the form of mA/(MHz x bit), which when 
multiplied by the number of outputs switching and the desired frequency, provides the dynamic power dissipated by the device 
without the load current. Equations 4 through 14 can be used to calculate total power for CMOS or BiCMOS devices. 
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Table 3. Cp^ Test Conditions With One- or Muitiple-Bit Switching 



TYPE 


PIN NO. 1 


1 


2 


3 


4 


5 


6 


7 


8 




B 


B 


B 


B 


B 


B 


o 


B 


o 


O 


B 


AHCOO 


C 


1 


B 


B 


B 


S 


B 


S 


B 


B 


3 


X 


B 


B 














AHC02 


s 


D 


0 


B 


B 


B 


B 


X 


X 


B 


B 


B 


3 


B 














AHC04 


D 


S 


X 


3 


B 


B 


B 


S 


B 


3 


B 


3 


B 


B 














AHC08 


D 


1 


s 


B 


B 


B 


B 


B 


B 


B 


3 


B 


B 


B 














AHClO 


D 


1 


B 


B 


B 


3 


B 


B 


B 


B 


B 


S 


1 


B 














AHCll 


C 


1 


B 


B 


B 


B 


B 


S 


B 


B 


B 


S 


1 


B 














AHC14 


c 


s 


B 


3 


X 


S 


B 


s 


B 


B 


B 


B 


B 


B 














AHC32 


D 


1 


B 


B 


B 


S 


B 


s 


B 


B 


S 


B 


X 


V 














AHC74 


* 


D 


c 


> 


3 


s 


B 


s 


S 


X 


B 


B 


1 


V 














AHC86 


D 


1 


B 


B 


B 


s 


B 


B 


B 


B 


B 


B 


X 


B 














AHC138 


C 


0 


0 


0 


0 


1 


B 


B 


S 


B 


S 


B 


s 


B 


B 


V 










AHC139 


0 


a 


B 


B 


B 


B 


B 


B 


B 


B 


B 


B 


B 


B 


B 


B 










AHC240 


0 


c 


B 


B 


S 


B 


3 


B 


B 


B 


X 


B 


B 


B 


B 


s 


B 


s 


B 


V 


AHC244 


0 


c 


B 


B 


S 


B 


B 


B 


S 


B 


B 


S 


B 


B 


B 


s 


B 


B 


B 


B 


AHC245 


1 


c 


B 


B 


B 


B 


B 


B 


B 


B 


S 


S 


S 


S 


B 


s 


S 


s 


0 


V 


AHC373t 


0 


s 


D 


D 


S 


3 


D 


D 


3 


B 


B 


s 


D 


D 


S 


s 


D 


D 


S 


V 


AHC374* 


0 


s 


D 


D 


S 


B 


D 


D 


B 


B 




s 


D 


D 


S 


s 


D 


D 


s 


B 


AHC540 


0 


B 


X 


X 


X 


X 


B 


X 


B 


B 


B 


B 


B 


S 


B 


B 


B 


S 


0 


B 


AHC541 


0 


c 


B 


X 


B 


B 


B 


B 


B 


B 


3 


s 


3 


S 


B 


3 


B 


B 


0 


V 


AHC573t 


0 


D 


D 


D 


D 


D 


D 


D 


D 


B 


B 


B 


B 


B 


S 


B 


S 


B 


s 


V 


AHC574t 


0 


D 


D 


D 


D 


D 


D 


D 


D 


B 










s 




S 


* 


s 


m 



t Ail bits switching, but with no active clock signal 
tAil bits switching 
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Ta = 25“C, Vcc = 3.3 V, V|h = 3 V, V|l = 0 V, No load 




Frequency - MHz 



Figure 2. Power Consumption With a Single Output Switching 
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Ta = 25“C, Vcc = 3.3 V, V|h = 3 V, V|l = 0 V, No load 





-I 1 1 1 1 1 1 1 1 1 1 ^ 1 ; 1 1 1 1 1 1 ( 

0 10 20 30 40 50 60 70 80 90 100 

Frequency - MHz 

Figure 3. Power Consumption With Ail Outputs Switching 



CMOS 

CMOS-Level Inputs 

Static power consumption can be calculated using equation 4. 

Ps = Vcc ^ Icc (4) 

The dynamic power consumption of a CMOS device is calculated by adding the transient power consumption and 
capacitive-load power consumption. 

Transient Power Consumption 

The transient power is due to the current that flows only when the transistors of the devices are switching from one logic state 
to another. This power is a result of the current required to charge the internal nodes (switching current) plus the current that 
flows from V^c to GND when the p-channel and n-channel transistors turn on briefly at the same time during the logic 
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transition {through current). The frequency at which the device is switching, plus the rise and fall time of the input signal, as 
well as the internal nodes of the device, have a direct effect on the duration of the current spike. For fast input transition rates, 
the through current of the gate is negligible in comparison with the switching current. For this reason, the dynamic supply 
current is governed by the internal capacitance of the device and the charge and discharge current of the load capacitance.The 
transient power consumption can be calculated using equation 5. 



Pt “ Cpd ^ ^cc^^ ^ Njw (5) 

In case of single-bit switching, Ngyy in equation 5 becomes 1. 

Capacitive-Load Power Consumption 

Additional power is consumed in charging of external load capacitance and is dependent on switching frequency. Equation 6 
can be used to calculate this power while all outputs have the same load and are switching at the same output frequency. 

P[, = Cl X X fg X Nsw (Cl is the load per output) (6) 

In case of different loads and different output frequencies at all outputs, equation 7 is used to calculate capacitive-load 
power consumption. 

Pl “ ^(Cla X fon) X V (7) 

Therefore, dynamic power consumption (Pp) is the sum of these two power consumptions, and is expressed in equation 8 
(single-bit-switching case) and 9 (multiple-bit switching with variable load and variable output frequencies): 

Pd = (Cpd X fi X ) + (Cl x fQ x ) (8) 

Pd ~ [(^pd X fr ^ Nsw) "f ^(CLn ^ ^Onlj^cc^ W 

Total power consumption with a CMOS-level input is the sum of static and dynamic power consumption. 

TTL-Levei inputs 

Similarly, with TTL-level inputs, both static and dynamic power consumption can be calculated using equations 10, 1 1 , and 1 2. 



Ps — ^cc[fcc T (N-m. ^ ^fcc ^ FlCd)] 

Pd = (Cpd X f, X ) + (Cl x fo X ) (single-bit switching) 

Pd = [(Cpd X f, X Nsw) + 2 (Cl„ X fo„)]Vcc' 

(multiple-bit switching with variable load and frequency) 

BiCMOS 



Static Power 



Ps = Vd 



DC. 



(n. X !=) , (h, X 



-f (1 DC.n)Iccz T (Nttl X Alec X DCj) 



Where: 



(10) 

( 11 ) 

( 12 ) 



(13) 



AIcc = 0 for bipolar devices 



Equation 13 becomes: 



NOTE: 

For a continuous waveform at 50% duty cycle, DCgn = 1 . 




(14) 
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NOTE: 

If half of the time the waveform is high and half of the time the waveform is low tmd the waveform 
is switching continuously, => (Njj = Nl= 1/2 Nf), Pg becomes: 

Ps = (^)dccH + Iccl) 

Dynamic Power 

Pi 5 = (DCem X Nsw ^ Vcc X f X Iccd) Condition is 50 pF | 500 Q (16) 

Iccj) is calculated with 50 pF II 500 and given number of outputs switching. 

NOTE: 

For a continuous waveform at 50% duty cycle, DCg,, = 1 . 

Dynamic power with external capacitance: 

Pd = DCen X Ngw ^ ^cc X f X (Vqh Vql) ^ (Cl “ 50 pF) + DC^n X Ngw ^ ^cc X f X Iccd (17) 
IccD calculated with 50 pF II 500 O, and given number of output switching. 

Power is also consumed by the upper output driver due to the output resistor (500 £2 in most load circuits for outputs in the 
data sheet). This power is very small but must be included in the dynamic power consumption calculation. Equation 1 8 is used 
to calculate this power consumption. 

P_R=s = (Vcc - Voh) X ^ (1«) 



NOTE: 

Assume that the output waveform is always at logic high and is not frequency dependent. 

Therefore, total dynamic power consumption is: 

Pd.TOT ~ Pd + P_Res (19) 

Finally, total power consumption can be calculated as: 

P_ToB] ~ Pd_tot + Ps (20) 

Where: 

Vcc “ supply voltage (V) 

Icc = power-supply current (A) (from the data sheet) 

^CCL = power-supply current when outputs are in low state (A) (from the data sheet) 

IccH = power-supply current when outputs are in high state (A) (from the data sheet) 

Iccz = power-supply current when outputs are in high-impedance state (A) (from the data sheet) 

^Icc = power-supply current when one input is at a TTL level (A) (from the data sheet) 

DCen = % duty cycle enabled (50% = 0.5) 

DCd = % duty cycle of the data (50% = 0.5) 

Nfj = number of outputs in high state 
Nl = number of outputs in low state 
Ngw = total number of outputs switching 
Nj = total number of outputs 

Nttl ~ number of inputs driven at TTL levels 

f] = input frequency (Hz) 

fo = output frequency (Hz) 

f = operating frequency (Hz) 
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Vqh = output voltage in high state (V) 

VoL = output voltage in low state (V) 

Cl = external-load capacitance (F) 

IccD = slope of the versus frequency curve (A/Hz X bit) 

CL(eff) = effective-load capacitance (F) 

fQ/fl = ratio of output and input frequency (Hz) 

P-j- = transient power consumption 

Pd = dynamic power consumption 

Pg = static power consumption 

P Res = power consumption due to output resistance 
Pd tot = dynamic power consumption 
P xota] = total power consumption 

CpD = dynamic power dissipation capacitance (F) 

Pl = capacitive-load power consumption 

S = sum of n different frequencies and loads at n different outputs 

fon = all different output frequencies at each output numbered 1 through n (Hz) 
different load capacitances at each output numbered 1 through n 

For GTL and BTL/FB devices, the power consumption/calculation is similar to a BiCMOS device with the addition of the 
output power consumption through the pullup resistor, since GTL is open drain and BTL/FB is open collector. 

The total power calculated using these equations should be less than the package power dissipation mentioned in the data 
sheets. Otherwise, the device might not function properly. 



Benefits of Minimizing Power Consumption 

Power consumption can be minimized in a number of ways. DC power consumption can be reduced to leakage by using only 
CMOS logic, as opposed to bipolar and BiCMOS logic. The leakage, in turn, is proportional to the area of diffusion, so the 
use of minimum-size devices is an advantage. Dynamic power consumption can be limited by reducing supply voltage, 
switched capacitance, and the frequency at which the logic is clocked. Supply voltage tends to be a system design consideration, 
and low-power systems use 1.5-V to 3.3-V supplies. 

Power consumption is a function of the load capacitance, the frequency of operation, and the supply voltage. A reduction of 
any one of these is beneficial. A reduction in power consumption provides several other benefits. Less heat is generated, which 
reduces problems associated with high temperature, such as the need for heatsinks. This provides the consumer with a product 
that costs less. Furthermore, the reliability of the system is increased due to lower-temperature stress gradients on the device, 
and the integrity of the signal is improved due to the reduction of ground bounce and signal noise. An additional benefit of 
the reduced power consumption is the extended life of the battery in battery-powered systems. 
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Reliability Implications 



The integrated-circuit component power dissipation during operation elevates the device junction temperature. The thermal 
impedance (9 ja or k-factor) of a device package is defined as the increase in the junction temperature, above ambient 
temperature, due to the device power dissipation. Thermal impedance is measured in degrees Celsius per watt. Thermal 
characteristics of a device package are commonly described using two indices, Qj^ (junction to ambient) and Qjj; (junction 
to case). Controlling the junction temperature within a desired range is critical for proper device functionality and 
long-term reliability. 

Table 4, based on long-term sustained temperatures, shows the relationship between junction temperature and predicted 
failure rate. 



Table 4. Junction Temperature Versus 100,000-Hour Predicted Failure Rate 



JUNCTION 


FAILURE 


TEMPERATURE 


RATE 


("C) 


(%) 


100 


0.02 


110 


1 


120 


11 


130 


46 


140 


80 


150 


96 



Higher component temperatures increase the possibility of component wearout due to such failure mechanisms as 
electromigration and bail-bond intermetallic failures. 

Thermal Definitions 



Heat 



Conduction Heating 



Convection Heating 



Radiation 

Ambient Temperature 

Case Temperature 
Junction Temperature 



A form of energy associated with the motion of atoms or molecules in solids, and capable of being 
transmitted through solid and fluid media by conduction, through fluid media by convection, and 
through empty space by radiation 

The most commonly recognized form of heat transfer. Metal materials are good conductors of heat and 
can be quantified by a proportionality constant (k), also known as thermal conductivity. The higher the 
thermal-conductivity number, the more quickly heat transfer, by means of conduction, occurs. 
Leadframes are the primary media for conduction heating in plastic-encapsulated devices; however, 
mold compound materials play a major role in this type of heat transference. 

The heat transfer by fluid motion between regions of unequal density that result from nonuniform 
heating. This type of heat transfer is most commonly seen when air is forced across a heated surface, 
resulting in the cooling of the heat source. Heat is transferred to the air by means of convection heating. 
The rate of heat transfer depends on the surface area of the heat source and the velocity and physical 
properties of the airflow. When a device package is generating heat through normal operation, the 
device can be cooled by applying a constant airflow across the surface of the package. 

Radiant heat transfer occurs between two objects separated within a vacuum. 

The temperature of the surrounding air, usually used as a reference point to calculate the junction or 
case temperature. This temperature is measured at some specific distance from the device. 

The temperature on the package surface measured at the center of the top of the package 

The temperature of the die inside the device package 
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ORDERING INSTRUCTIONS 



Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading, regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this data book should include a three-part type number as explained in the 
following example. 

EXAMPLE: SN 74LVTH1 62244 DGG R 

Prefix 

SN = Standard prefix 
SNJ = Compliant to MIL-PRF-38535 (QML) 

Unique Circuit Description 

MUST CONTAIN EIGHT TO FIFTEEN CHARACTERS 
Examples: 74LVTH125 
74LVTH 16952 
74LVTH1 62541 

Package 

MUST CONTAIN ONE TO THREE LETTERS 
D, DW = plastic small-outline package 
DB, DL = plastic shrink small-outline package 
DCK = plastic small-outline transistor package 
DGG, PW = plastic thin shrink small-outline package 
DGV = plastic thin very small-outline package 
FK = ceramic chip carrier 

J, JT = ceramic dual-in-line package 

W, WD = ceramic flat package 
(from pin-connection diagram on individual data sheet) 

Tape and Reel Packaging 

Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 

Blank = Not taped and reeled 
R = Reeled productt 




t All reeled material previously designated LE continues to be reeled left embossed, but an R designator is used. 
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MECHANICAL DATA 



D (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 



14 PIN SHOWN 




NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not Include mold flash or protrusion, not to exceed 0.006 (0,15). 

D. Falls within JEDEC MS-012 
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MECHANICAL DATA 



DB (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 

28 PIN SHOWN 




NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0,1 5. 

D. Falls within JEDEC MO-1 50 



Texas 

Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



5-6 





















MECHANICAL DATA 



DGG (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 



48 PIN SHOWN 




NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold protrusion not to exceed 0,1 5. 

D. Falls within JEDEC MO-1 53 
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MECHANICAL DATA 



DGV (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 

24 PIN SHOWN 




NOTES; A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15 per side. 

D. The 24 and 48 pins falls within JEDEC MO-153 and the 14, 16, 20, and 56 pins falls within JEDEC MO-194. 



^ Texas 
Instruments 

POST OFFICE BOX 656303 • DALLAS. TEXAS 75265 
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MECHANICAL DATA 




NOTES; A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 

D. Falls within JEDEC MO-118 
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MECHANICAL DATA 




NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,1 5). 

D. Falls within JEDEC MS-01 3 
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MECHANICAL DATA 



FK (S-CQCC-N**) LEADLESS CERAMIC CHIP CARRIER 



28 TERMINAL SHOWN 




NOTES: A. All linear dimensions are in inches (millimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a metal lid. 

D. The terminals are gold plated. 

E. Falls within JEDEC MS-004 
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MECHANICAL DATA 



J (R-GDIP-T**) 



CERAMIC DUAL-IN-LINE PACKAGE 



14 PIN SHOWN 





D 


16 










0.310 

(7.87) 


0.310 

(7,87) 


0.310 

(7,87) 












B MAX 


0.785 

(19,94) 


0.785 

(19.94) 


0.910 

(23.10) 


0.975 

(24.77) 








— 


0.930 

(23,62) 


C MAX 


0.280 

(7,11) 


0.300 

(7.62) 


0.300 

(7,62) 


0.300 

(7,62) 


C MIN 


0.245 

(6,22) 


0.245 

(6,22) 


0.245 

(6.22) 


0.245 

(6,22) 





NOTES: A. 

B. 

C. 

D. 

E. 



All linear dimensions are in inches (miiiimeters). 

This drawing is subject to change without notice. 

This package can be hermetically sealed with a ceramic lid using glass frit. 

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only. 
Falls within MIL-STD-1835 GDIP1-T14, GDIP1-T16, GDIP1-T18, and GDIP1-T20 
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MECHANICAL DATA 



JT (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE 

24 PIN SHOWN 




NOTES: A. All linear dimensions are In Inches (millimeters). 

B, This drawing Is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

0. Index point Is provided on cap for terminal Identification only on press ceramic glass frit seal only. 
E. Falls within MIL STD 1835 GDIP-T24, GDIP-T28 and JEDEC MO-058 AA, MO-058 AB. 
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MECHANICAL DATA 



PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE 

14 PIN SHOWN 




NOTES: A. All linear dimensions are in millimeters. 

B. This drawing is subject to change without notice. 

C. Body dimensions do not include mold flash or protrusion not to exceed 0,1 5. 

D. Falls within JEDEC MO-1 53 
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MECHANICAL DATA 




NOTES: A, 

B. 

C. 

D. 

E. 



All linear dimensions are In Inches (millimeters). 

This drawing Is subject to change without notice. 

This package can be hermetically sealed with a ceramic lid usihg glass frit. 
Index point Is provided on cap for terminal Identification only. 

Falls within MIL-STD-1835 GDFP2-F20 
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MECHANICAL DATA 




NOTES: A. All linear dimensions are in inches (miilimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermetically sealed with a ceramic lid using glass frit. 

D. Falls within MlL-STD-1 835 GDFP2-F24 and JEDEC MO-070AD 

E. Index point is provided on cap for terminal identification only. 
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MECHANICAL DATA 




NOTES: A. All linear dimensions are in inches (miiiimeters). 

B. This drawing is subject to change without notice. 

C. This package can be hermeticaiiy seaied with a ceramic iid using giass frit. 

D. index point is provided on cap for pin identification oniy 

E. Fails within MIL-STD-1835: GDFP1-F48 and JEDEC MO-146AA 

GDFP1-F56 and JEDEC MO-146AB 
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